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^H Thebe is no subject npon which the American public ^^M 
^ftould bo better iufonued, and none, perhaps, in which ^^M 
it should feel greater pride, than in that of tho foremost ^^M 
inventiou of the age, the Electric Telegraph ; for aside ^^M 
from the fact that tlircc of Uie best systems in use are ^^M 
American inventions, ajid that to our countrymen is due ^^M 
the credit of producing the first successful recording elec- ^^M 
trie telegraph, it is more generally used in this country ^^M 
tliaii in any other, and probably more than in all others ^^M 
combined, for tiie common convenience of mankind. ^^M 
In Europe, with the exception of Groat Britain, the ^H 
use of the tclogmph is almost wholly under tlic control ^^M 
of the governments, and its nso restricted by Uie high ^^M 
rates of tolls to the wealthier classes, while in this coun- ^^M 
try it is alike open to all, and telegraphic despatches ^^M 
arc " household words " among the poorer as well as ^^M 
the wealthier citizens. ^^M 
Tlie wires extend, not only through every Stato in the ^^M 
Union, from Maine to Texas, and from Massachusetts to ^^H 
Kutisus, hut already they arc creeping over the Rocky ^^H 








Mountains, and ereldng we Bboll have momentary advices | 
from the Pacific States. 

Wo have endeavored in this volume to explain the i 
principles and operations of the various systems of elec- 
tric telegrajjh in such a manner as to be readily com- 
prehended by every reader. lu order to accomplish 
this, we have in the first three chapters given a brief 
treatise upon electricity in theory and practice. 

As there has been much controversy between rival 
claimants to the discovery of the principles of the elet> 
trie telegra])li, we have devoted much time to the ftill 
consideration of the claims of each, and present the iacts 
80 obttdned to the impartial Judgment of the re^er. 
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TnE Electric Telegraph constitutea a true science, even for the 
mbordinate employit charged with putting it in practice. The 
operator, besides l>eing able to transmit and receive despatches, 
^■Rght to possess a knowledge of the technical part of his service, 
^fc foresee natural phcnoincna which can influence transmission, 
^^■d understand the derangements which take place so frequently 
^^^KHi posts, wires, and other apparatus of the Hue, determine 
their causes, repair accidents, in the majority of cases, and fur- 
nish, when there b need, a fund of general knowledge uj>on tlie 
subject, to meet all emei^ncies. 

It is, then, indUpunsable that he be initiated into the laws and 
properties of electricity, that he may render himself entirely 
Dompelent to comprehend all the laws respecting the transmission 
of electric currents, and that he know perfectly all the details of 
construction of the batteries, instruments, &c. 

He ought besides to consider his post a place of observation, 
from which he can survey daily all the different effects of 
atmospheric electricity. He ought to be in the stale of an 
ottscrver, an analyzer, and a register; in short, as far as bis 
means will allow, to advance the theory of the branch of knowl- 
edge so little known, and which is the means of furnishing euch 
imjiortunt results. Ue b otlen called to make meteorolc^ical 
oli^iervations, and to transmit their results hy the telegra])h. In 
short, he takes huld in the midst of practical difHculties, oAen ob- 
buning results from which he is enabled to discover useful improve- 
mts, aud contribute to the adoption of most happy modili cations. 
1 4 
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Beside tbese requirements the opcmlor should possess b gen- 
eral knowlclge of busiocsa, be a correct reader of manuscript 
and a okrcful transmittci' and receiver of all despatches inlnuted 
to him. He should look upon his occupation ua one of the most 
honorable and responsible charaeler ; for the most important and 
weighty matlera are confided to his care, and not only ao, but 
they are intrusted to him without exacting from him any gnap 
anty that they shall be faithfully performed; thus reposing in 
him more confidence tlian the patrons of banks and other similar 
institutions exercise towards their officers; for they require checki 
and bonds as a guaranty against error or mismanagemeal- 

Thia b<^ng tlie case, how careful ought the manners of tele- 
graph lines to be in tbe selection of their employti ; and npoi 
their pari, how exact should the employea be in their bunneN 
and deporlment to merit the eonfidenee thus reposed In them. 

In Franee, the chief elect rieian of the telegraph lines pablisbei 
at regular intervals a record of telegniphic observations wbid 
are tran^imilled to him by the operalors from the several slation^ 
and thus present", in a few years, the most valuable data iipM 
this interesting subject. 

It is greatly to be hoped that tbe American companies will yel 
see the propriety of constituting a similar department, — appoint 
ing to the place a thorough electrician, whose observations npu 
lines of so great an extent could not fail to prove of the high 
est importance. 

Many works have appeared upon the Electric Telegraph, bol 
in generaf they have borne descriptions of the apparatus Xo^ 
meagre and insufficient to give a satisfactory solution of the difi 
ferent questions which present themselves. Tliey have bee^ 
written, .too, from an outside point of view. None of the writei« 
have had an opportunity of witnessing the praelical opcrationii 
of the instruments which they attempt to describe, and it is fb( 
this reason that no operator ean derive any satisfaction frmj 
reading them ; and the public is not really enlightened upon anjj 
essential points. Wliat the student requires is facts, presented in 
R Iticid manner, and from a source eniiikd to credit I 

We have sought, in this work, to supply this want, by presontii 
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n eye to prnctical npplicntioii oil the laws of elcclricily, — 
t effects upon different bodies, — the different fygtems of tele- 
■nphic appoTBtua which have been devised, — and also to solve 
U questions ns to priori)}' of invention. 

B to tlie reader, as well as to ourBclre^, to fay, that we 
have been engaged over tliirteen jears in praclieal telegraphing. 
During this period, which dates bock to the very commencement 
of telegraphic ojierations in thb country, we have served as a 
practical operator upon the three great ey^ems of the nrl, vis. 
the ilor/e, itie House, and the llain. We huve, during this long 
gteriod, lost no opportnnily of informing ourselves upon all points 
relating lo this favorite science which the diseoverica in this 
country and Europe have presented. We have also been a close 
observer of the phenomena of magnetic stonns and other atmos- 
pheric di^turboncea, which we have from time lu lime made 
public through the daily journals, but which are now for the first 
time brought together in a connected and permanent numner. 
We allude, in lUii eonnecliun. to the cliaplcrs u|>oa Electrical 
Disturbances and the Aurora Borealis, which, we believe, will 
prove highly interesting to ibe man of science a^ well as the 
—general reader. 

Although the main part of this work is devoted to our own 
ations, and to the history and description of the several 
^lems of telegraphy which are, or have been, operated in this 
Mintry, slill we have endeavored to present an accurate descrip- 
1 of the syt^tems in use in Europe, and lo preiwnt tlie latest 
1 most approved theories of the $arattt of Europe, as well as 
ouniry. upon the varions phenomena connected with 
mamic and static electricity. 
- In order to avoid the necessity of placing notes at the bottom 
f the pages, in giving our authorities, wc have preferred to place 
I list of the aulhoriliee consulted in the preparation of this work 
ft the end of each chapter. 

. In tlie first three chapters of this work we detail the elemen- 
y facts of the science of electrieity, without which il is impo*- 

n-hend the electric telegraph. 
In the fourth chapter we investigiUc the electric telegraph from 
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ila most general point of view, without making any general b 
potheaia, uuder the fonn of apimratus. 

The succeeding hnlf-duzen chuptcra arc devoted to a descripj 
tion of the instruments and other apparatus that are moat g 
oUy employed ia this eountry aad in Europe. These will embn 
the history and description of the Mor*e, House, Bain, Hughe 
and Combination syetemii, at present used in the United Slstes| 
the Needle Byatem of Messrs. Cooke and Whealstone, of Gre 
Britain ; the Dial systems of MM. Froment and Br^guet o 
France, and M. Siemans of Germany ; and a brief descripl 
of the systems of Messrs. Rogers, Home, Zooke and Barney 
Farmer and Balchelder, and others which have been devist 
but are not at present operated in this country. 

These are succeeded by an examination into the foreign infill^ 
ences wliich disturb the transmission of electric impulses, ^vinfi 
general rules to bo followed for the discovery of the causes oC 
these derangements. 

We next consider the proper modes of constructing leIegrR[dii 
lines ; the qiiahty and size of the wire most desirable for tbu 
purpose ; the species of wood best adapted for posts; the propeQl 
length of (lie posts ; and a full description of all modes of itun-j 
laUng lilies, with the results of each. We also give the cost oft 
constructing lines in the United States. England, France, and Ger-i 
many, together with the value of the scvei'al kinds ut' apparatus. 

'We also give a description of all the giibmarine and subteiTk 
neao lines which have ever been laid down ; their cost per milq 
and tiic length of time during which they have been in oaC) 
together with a full revision of all the experiments made in 
Europe and lliis conntty in regard to static induction from electrio 
currents iiaasing through long insulated conductors, and of other 
interesting phenomena which have been developed by submarinw 
and subterranean telegraphy. 

We alio give a history and description of the laying tatii 
working of the Atlantic Cable, with several poetical contributioosl 
upon the subject from Dr. Holmes, John G. Saxe, Esq., and othen.] 

The progress of the electric telegraph in all quarters of thel 
world is given, with a brief description of the mode of 
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the bu!iinc«3 in each country, toother with a dcscripiion gf the 
u>pHnttus used in woriiing tlirouj^h the Atlantic Cable. 
LThc diflerent applications of the electric telegraph are tie- 
I, with a description of ilio Fire Alnrai Telegraphs of Bos- 
It Sl Lfluia, and New Orleans, and the use of the telegraph 
rslnclly scientilic observations. 

B chapter is devoted to miacelloneous roaltcrs, — mistakes 
I Uto telegraph, humorous anecdotes, reading hy eound, read- 
gbjf shocks, reading bysig hi, reading hj tasle, reading by smell, 
3 by telegraph, and & meeting of telegraph operators, with 
r chainoaa at Boston and secreiories in Portland and Xew 
Tork, while speeches are mode all over the couutiy, and Ustened 
to witli tlie gravest interest. 

We have presented in chronological order, in one cliapler of 
iliis work, the discorcries in electro-dynamics previous to !AIorsc's 
jiivenlion, commendng with the experiment of Le Mounter in the 
jrirdun of the T^ileries in the middle of the eighteenth century, 
liuwn to the latest improvements by Ampurc, Henry, Gauss and 
Weber, Steinhcil, Danioll, Wlicatstone. and other pliilosophers, to 
whom the world is indebted for the knowledge which enables tis 
to send communications, by means of the mysterious fluid, with 
thu quickness of thought, and to oJinihilato lime as well as space. 
These facta were elicited during the suit for an injunction 
brought by the Morse patentees against the House Telegraph 
Company, in 1860, before Judge Woodbury of tlio United Slates 
Supreme Court, and present a reliable and iuteresling ritwni of 
llie whole subject. They were printed for ihe ( 
iho Court, but have never before been publisheil. 

The concluding chapter is devoted to a full consideration and 
rin/iai of the important subject of Galvanism, — the value of 
ti kind of battery in use, together with its elect ro-molive force 
I odaptedness to electric telegraphy. This will be (bund of 
y great importance in estiniaiing the amount of batiery {lower 
i of any particular kind for any lengtli of circuit. 
e firel electric telegraph appears to have been made about 
r 1 78G ; though long before that time Ihe vague idea of a 
gicot magnetic telegraph was entertained. Strada, a Jesuit 
1 " 
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priest, in a curious book, published in 1G49, describes a i 
contrivance of two mitgnetic ncedleB, atlnched to d'lels, bearing a 
A circle of IctlerB, and wliicii posfiei<«.-d tlie properly of alwajE 
indicalmg the same letter ; so lliat when one needle wtu 
to point to any particular letter, the other needle, however distant 
at the time, placed ilself so as lo point lo the sanio letter. 

In 1774, George Louis Lesagc. a philosopher of French ori^n 
at Geneva, conslrucied an apparatus composed of twenly-four 
wires, corresponding to the Iweniy-four letters of the alphabet, anil 
eepamtcd from each other hy insulators. To the extremity of 
each one of these wires a pith-bull was sn^pcnded by a 
thread. By touching the wii^s with au clcelriciil machine, the 
other eilremiiy of the conductors — the piih-l>all — would Im 
repulsed, and thus make known the letter indicated. ■ 

In 1793, Claude Chappe, after much labor and research, eataH 
lished between Paris and Lille the first line of aerial telegrapU 
and this happy result established the success of the system. I 

Before this epoch, several philosophers proposed to einpkl 
electricity in the transmission of despatches, upon their knowleiJM 
of tlie phenomena of static electricity, and from their havjfl 
observed its prodigious rapidity. fl 

The Electric Telegraph, like all great inventions, was not ^M 
work of a single mind. It Las followed science in difiertfl 
developments, and could not have parsed the domain of Bcienfl 
into apphcfttion, except the laws and principles of etectridfl 
were knoivn, — which inspired new efforts that were to H 
crowned by a complete success. M 

From 1780 to 1800, Reiser of Germany, and Salva and Bfl 
thancourt of Spain, tried some similar systems. Static cicctricitjfl 
however, a production so voblile, and its insulation so difficult, tN| 
the problem of the electric telegraph could be considered on\j *mM 
scientific conception without the discovery of dynamic electriiitjB 

In 1800, the curious discoveries of Galvani conducted VcJd 
lo the discovery of electric currents, and iheir chemical and phjH 
iological properties. A new era opened for the science, and po3 
mitied a substitute of permanent supply of electricity In pluj 
of the electrical machine and the Leydcn jar. J 



time, proposed a lele- 
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l>r. Cose, nn American, about the sum 
grapli) the principle of whicb eoosiated ii 
cbemicaU by llie electric currenL 

Wr. Francia BoDfilds, in 181 C, constructed a telegraph, by 
which he was able to send signals with considerable fnciliiy and 
rapidiiy through a distance of eight miles. His phui was very 

iple. At either end 

the wire was a clock 
light pnpi-r 
ihfi, on which were 
marked the letters of 
the alphabet, and cer- 
iMn words and num- 

irs. By means of a 
er (Fig. 
I), only one letter wiu 

e clocks run togelh- 
Ir, of course the same tetter wmild be visltilc ul 
ind if an electric discbarge were sent from one station to another 
jrhen u particular letter was exhibited on the dial, the observer 
t the other end would readily know the signal intended. 

Harrison Gray D)'ar, an American, constructed a telegraph, in 
1828, at the race-course on Long Island, and supported liis wires 
by glass insulators, Hxcd on trees and poles. By means of com- 
1 electricity acting on litmus-pnper, he produced a red mark, 
in passed the current through the ground as a return 
The diOcrence of time between the epnrks indicated 
1 letters arranged in an arbitrary alphabet, and the paper 
1 moved by the hand. Owing to the u,ie of frictional clce- 
which is too easily diisipated, and dillicult of being con- 
3 conductors, tliia telegraph could not have been of any 
actical use ; although, had Mr. Dyar not been prevented, 
Migh fear of prosecution on a charge of conspiracy to send 
ret comronnications in advance of the mail, from prosecuting 
Ii discovery, be would undoubtedly have achieved great suc- 
I, aa his system possessed many of the principles and features 
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of the Morse invmtioa. This mutter will be tal\j i 
hereafter. 

Tlie iliiicovcry of ihe irmgnetizatioD of soft iron under the influ- 
ence oC currents of induction, is due to Arago and Famday ; but 
the dovclo|)ment of the motor function of electricity, or of Ihe 
means by which clectro-mngneiic power can be exerted nt a dis- 
tance, is due to the early experiments of the Secretary of the 
Smithsonian Institution, I'rofessor Henry, whose diacoveriea in 
electro-magnetism, and especially of tlie quantity and intensity of 
the magnet, in 1830, laid the foundation forftll subsequent forms 
of electro-magnetic 1clegra[ihs, and made succeeding stcjB com- 
paratively easy. In the publication of these experiments, the 
induction of the electric tclegrniih as thenceforth possible wasi dis- 
tinctly made by him ; and at a period not much later weights 
were released and bells rung by him at a distance, by electric in- 
fluence transmitted through long conductors. 

The determination of laws upon the intensity of currents is due 
to Ohm and Pouillet, and the invention of the batteries which 
generate the currents belongs to Becquerel, Daniell, Bunsen, and 
Grove. 

This completes the series of necessary investigations for the 
application of electricity to the telegraph. 

Among the philosophers who have occupied themselves with 
this <]uestion, we cite in order, up to the time when the system 
was perfected, Alexander of Eilinburgh, M. le Baron Schilling, 
M. Vorsclmonn de Ileer, MM. Gauss and Weber, M. Aniyol, 
MM. Bci-guet and Musson, Sir Humphrey Davy, Professors 
Henry and Cose, and Dr. Jackson. 

MM. Gauss and Weber, in 1834, constructed a line of tele- 
graph over the houses and stecjiles of Gottingen. The circuit 
contained flbout l.'j.lXK) feel of wire They used galvanic elcc- 
Iricity, and applied the phenomenon of magnetic induction discov- 
ered by Professor Faraday. The slow oscilhttiong of magnetic 
bars caused by the passage of currenU, and observed Ibrough a 
glass, furnijfhed the signals for corresponding. The operation 
was complicHlcd, alow, and inefficient. 

H. SleinUeil established at Munich, and worked, in 1837, . 
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INTRODUCTION. 

'Jectric tdegraph between Iwo distant points. Up to this time 
ilic pk-etrie leli^grapb hitd lieen consiJpreJ only as a curious the- 
oretical science, without possible application, aa, for the most part, 
the npparBtus required eepnrnle wires for each letter or signal ; 
bnt it was not doubted, if the praclicnL realization of the idea 
could be arrived at, that they could reduce this number to two, 
or eTen to one, by means of convenlionul combinations. 

There rcmtuned, however, still an important question, which 
experience alone could solve, — whether it were possible lo ob- 
tain upon a great length of wire a sufficient insulation without 
too great expense. The great extension of the lines of railway, 
in 1838, and the necessity felt for the means of rapid conmmni- 
cation, hastened the solution of this question. 

The first electric telegraph established in Europe for the actual 
transmission of despatches between distant points, was between 
London and Biraiingliam, in 1838, by Professor IVlieutslone. 
Shortly after, lines were constructed by simply suspending the 
wires ufion porcelain supports, when sufficient intensity was ob- 
tained to work tlio apparatus to a great <{islance. 
11 The tirst line in P'rance was constructed, in 1844, between 

Hubris and Rouen, along the line of the railway. The lines be- 
^^Kcen Paris and Orlean!', and Paris and Lille, were constructed 
^^K the years 1847 and lH4d. Shortly afler, lines were con- 
^^TtPUcted along the several lines of railway throughout France, 

The first line constructed in the United Slates was put in op- 
eration in the month of June, 1844, between 'Washington and 
Baltimore. The next year it was continued to New York and 
Boston, and in 1846 to Buffalo and Hnrrisburg. The succeeding 
year a line was constructed between BuflTnlo and Iklonlreul, and 
— during the same season between Boston and Portland. The next 
IT, IBW, found the entire counlrj' excited npon the subject of 
t telegraph, and lineB were projected and constructed in every 
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CHAPTER I. 



ILECTRICAL MANIFESTATIONS. 



_ T the friction of two bodies of different natures, they acquire 
ft remorkiLble iitialily of altnuting liglit subslances, euch aa email 
fragments of pajter, HDall balls of elder-pith, featliera, &&, when 
placed in their vicinity. This atlraction occurs at a distance; 
and the substances upon which it is exercised adhere to the sur- 
face of the rubbed body bj which tbej are attracted; or rather 
are allematcly repelled and attracted by this body. In order U> 
explain Uiese singular phenomena, we admit that the friction 
of two bodies develops upon each a peculiar fluid, which we 
designate by tlio name of electricity. Tliis name, eltetrieify, i» 
derived from the Greek word tpurrpai, signifyiug ambtr, tbc first 
gabstancc, it is said, upon which electrical properties were ob- 
served. These two iuTi^ible duids, imponderable, escape our 
means of observation. Tlieir presence can only be known by 
the dTi-cts which they produce. Tlic one of the fluids we call 
positive, or vitreous electricity ; the other, negative, or resinous. 
The particles of the same fluid repel themselves, and attract 
those of tlie other fluid. This force of attraction and repulsion 
augments or tncreasea with tbe friction of the particles. 

A stick of glass, rubbed with a piece of cloth, charges iiself 
with tlie pontivQ fluid. A stick of resin rubbed in the same 
UMnncr charges itself with the n^iative. It is this which give> 
le la the two electiicilics, vitreous and rrainoiu. 
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PBELIMINARY NOTIONS. 



Thia idea of two different fluids b purely liypothetical, but ttj 
explains sufficiently well the pbenuruena, anil remains in the liui-! 
guago ad a simple means ot' exhibiting all the facts wbicb pre-' 
lent themselves in the study of electiicity. 

A metallic conductor in contact with an electrized bod^l 
chaises itself instantly in all its parts with elcclricily, whilst aj 
stick of glass or of resin placed in the same condition electriieft, 
only the point in contact. , 

We conclude, then, tbat electricity propagates itself easily upon, 
certain bodies, which we call conductors, and witb difficulty upoiii 
others, which we call non-condoctora or insulators. 

Mercury and metals are very good conductors. Glass, reuii,i 
bone, rubber, gutta-percha, dry air, and silk arc bad conductonJ 
or insulators. Between these two categories of bodies there ant- 
other matters, such as steam, vapor, charcoal, &c., which utfj 
medium conductors. We can, then, clarify all substances bn 
placing them in order according to their conductibility. Thn 
metals would tiicn occupy tbo first rank, and glass and resin Urn 
last. I 

Tbe metals are almost perfect conductors, but they preBeaK 
dilTercnces among themselves relatively to their degree of conduoJ 
tibiliiy ; and the same metal conducts better, or worse, accordii^ 
to its dimensiona and its temperature. Resinous substances, vit-^ 
rcous substances, silk, oils, bone, rubber, j^tta-perclia, are suIm 
stances that insulate very well, but not all to the same degree jj 
thus, a very fine filament of gum-hic insulates belter than a filM 
ment of silk or glass of the same diameter. Gum-lac and tim 
resins insulate better, as they are drawn into finer filaments; i^ 
is the reverse with glass, which, when drawn into fine threads,! 
becomes a tolerably good conductor. Wood, pure water, tbtf 
human body, a great number of minerals, conduct imperfectly j] 
tbat is to say, they conduct powerful electricily well, but feeble; 
electricity not so well, and sometimes not at all. I 

The conducting property of bodies appears to depend essen-i 
tially on their chemical nature ; thus we see all the metals arsl 
good conductors, while all hydrogenated substances are bad con->' 
duetors. However, in many cases the physical constltui 
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1 iDflaenre upon conduflibJlily : ice ilocs not conduel, 
while walcr does conduct ; lallow uiiil was become conducion 
onljr when ihey are melted, and it ia the Bjune with aevural salts. 
Glass is a good conductor when heated to redness. Diamond is 
n perfect insulator, whihit mineral carbon is a good conductor, if 
il has been strongly heated. Carbon in general conducts belter 
•-ir worse according lo (he manner tn which it lias been prepared, 
.and according a8 il had been more or less baked. Air and gases 
nrc less insulating as they are more rarefied, which is the same 
iL« snying itiut vacuum is a good conductor of electricity. 

Finally, there is one circumstance, independent of the chemical 
nature and tlie physical constitution of bodies, which rcndere 
them beili-r or worse conductors; it is their degree of oflinily for 
the humidity of the air. We have already seen that moiat ur 
and gases cease to he insulators. Glass, which is of itself a good 
insulator, easily l>ecome3 a conductor as soon as it is ex]>oscd to 
humidity ; it attracts lo its surface the aqueous vapors of iha 
atmosphere j they form there a thin Jilm of water, by which the 
electricity piuses away. Thu)<, in order that gtiLis rods shall veil 
insulate tbc electricity accumulated upon (he conductors lo which 
they serve BS supports, care is taken lo cover them with a thin 
coat of Tarnish, made with gum-lac dissolved in alcohol, — a coat- 
ing which protects the surface of the glass against the deposition 
of moisture, and which at Uie same time insulates itself very well. 
It is probably lo the liygrometric property of glass that we 
must attrihulc die conducting faculty which it acquires on being 
(Imwn out into ihin filaments, because it then presents more 
Eur&ce to the moist air. 

Tlie following ia an approximative table of the conducting and 
nakting faculty of dilferent bodie?. This table contains in otic 
Intnn the conducting bodies, placed in the order of ihc-ir con- 
^blUty, beginning with Ihe best conductors ; and in the 
eond, the insulating bodies, placed in the order of their insii- 
lating faculty, beginning with ihe poorest insulators. There- 
fore tlie second column may be regarded n 
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saver. 


Dry metallic oxides. ^^| 


Copper. 


Oda : the heaviest are the best. ^| 


Gold. 


Ashes of vegetable bodies. ^H 


Uercui;. 


Ashes of animal bodies. ^H 


Gadmiain. 


Many dry transparent crystals. ^H 


Zinc. 


Ice below 13° Fahr. ■ 


Tin. 


Phosphorus. ^H 


Iron. 


Lime. ■ 


Lead. 


Diy chalk. ■ 


PkLinum. 


Native carbonate of baryta. ^H 


All other meCala. 


Lycopodium. ^H 


Wdl-bumt carbon. 


Caoutchouc ^H 




Camphor. ^B 


Concentraled ucida. 


Some siliceous and argillaceous stOoK 


Dilute ncidd. 


Dry marble. 


Saline solutions. 


Porcelain. 


MetalUc otvs. 


Dry vegetable bodies. 


Animal fluids. 


Wood that lias Ijcen strongly heated. 


Sea-water. 


Dry gases and air. 


Spring-water. 


Leather. 


Rain- water. 


Parchment. ^^M 


Ice above 18= Fahr. 


Dry paper. ^^M 


Snow. 


Feathers. ^H 


Living vegotablea. 


Hair, wool. ^M 


Living animals. 


Dyed silk. ^M 


Flame. 


Raw silk. ^M 


Smoke. 




Vapor. 




Salts, soluble in waKr. 


Mica. B 


Rarefied air. 


All vitrefncliona. ^| 


Tlie vapor of alcohol. 


Glass. ^M 


The vapor of ellier. 


Jet. ^M 


Earlli* and moist rocks 


Wax. ^1 


Powdered gln.is. 


Sulphur. ^M 


Flowers of solpliur. 


The t^sins. ^^^B 


I 


Amber. ^^^^^^M 


1^^ 


^^^^^M 
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All bodies, therefore, are capable of becoming electricnl by 
Fiction 1 bm llicy differ among iLemselvea widi regard to the 
fiicuiiy ihoy po^aess of transmitting electricity. Some transmit 
it promptly and freely ; others more slowly and with ditBcully ; 
while others still seem almost incapable of transmiltiug it. 
However, ihey aro all eusceptiblo of taking elecliicily from an 
electriieil body with which they are touched ; only if the touched 
boily ia un insulator, it takes cleclriciEy on that part of iu surlkce 
alone which has been touched ; whilst, if it ia a conductor, it ac- 
quirer it throughout its whole extent, although it has received it 
only upon one point. This is a means of electrizing which is 
led to tkctrize by oommunion. 
If Ihe electrized body is an insulator, it gires the electricity it 
laaea to the conducting body that touches it only at the point 
in which Ihe contact takes place ; but if it is a conductor, there 
occurs a division of its electricity between iUelf and Ihe touched 
body, — a division wiiich is subject to a very simple hiw, namely, 
each of the two bodies which we necessarily eup|>ose insu- 
takes a part of the lotul electricity proportional to its own 
!«. 

f'lf we bring into contact two conductors of the eame size, 
kargcd with different kinds of elcclricilies of equal quantities, 
a two electricities of which the particles are possessed unite, 
i disnpjjears upon the two conductors. This experi- 
t goes lo prove that all bodies in nalure possess in equal 
quantities both kinds of electricity, the union of which produces a 
fluid without action, or neutral ; and that friction does not liberate 
the two kinds of electricity, but only aeiiamtcs them. 

The quantity of neutral fluid which a body contains cannot be 
mined, but all goes to prove tluit it is very grcaL 
L An electrixed body that is put in communicatioD with the earth 
s electricity. The earth is designated, for thia 
t rtttrvoir, in order lo indicate that to it is 
Mrried the electricity of bodies placed in communication with it. 
The nuaoon why it is able lo absorb the electricity of all bodies 
brought into contact wilh it, is to be found in the fact that it is a 
y&y of euch an enormous conducting surface, that all other cou- 
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ducting bodita must be infinilely Kmull in comparison v 
therefore retain, after contact, in^nitely less electricity, or i 
&t nil. 

Tlio neulralization of (he two contrary electricities, a t 
quence of their oltraction, may take place according lo diffeVI 
modes. It may operate at a dlgtuuce, id the cose in which n 
of the two balU ia EufTicienCly movable to obey the attrHCtion t 
rcmaing between them. 

If we place two metallic balls at the extrcmtly of a glass rod, 4 
electrized vitreously, or |iositively, the other reeinou^ly, or n 
lively, and then cau^e them to approach each other, at a dial 
greater or less according to the electric charge which theyV 
sesB, an instantaneous spark is eeen to shine between then 
Gompanicd by a slight snapping ; and immediately after, 
may be proved lo have lost their electricity, and to be ii 
natural condition. 

This mode of neutralization can only occur when the dec 
bodies are pl:ieed at an iiiconsidornble distance apart,— 
tance that must vary with the intensity of tlio electricity 1 
whicli ihey are charged, and the condition of ihe air compre 
between them. But whatever the distance, the contrary e 
trieities may be neutralized, on making communication betwi 
the two balls, by means of an insulated conductor, such as a mettET 
branch, held by an insulating handle. 



Stalt'e and Dynamic Stale of Electricity. 

When the neutralization is brought about, either through the 
air with a spark, or tlirough & conductor, the electricity is said to 
be in the di/namie ttate for the imtant tliat this neutralization 
lasts. This denomination of dynamic is given -to the state of 
movement in which the two electricities are supposed lo be found 
when they are (ravelling lowanls each other to neutralize each 
other, in opposition lo the ulntie stale, or ihat of rest, in wliieh 
these two electricities are found when ihey are separately accumu- 
lated on insulaled bodies. The latter stale is also named tlectric 
tentioJt ; the former, eleetrie ditcharge. 
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f Tiie dynftmic stale may be intlanlaneoas or eonlxHWtw, II is 
ous in ihe prL-teding euse, in wliicli tlie two electriietl 
Ktsllic balls are insululeJ, anil consequently acquire no niore 
iridly af^r thnt which they [kwsc^ has once beramc neutral- 
it suppose one of tJic balls to be in communication with 
h.«onsian( source of positive electricity, nnd the other with an 
|uallr constant source of negative electricity, the two electric!' 
) being constantly renewed in proportion as they are neutral- 
, there will be through this conductor an uninterrupted 
Uitralization, or a continued reunion of the two elcctriuties ; this 
p what is termed the conlimwui djptamtc itafe, or electric current. 
RTe then say that the conducting body, which serves to establish 
■ Mminunication between tbc two bulls, is Iraroraed by an eleC' 
•io current. 

> Bodies tliat serve for the passage of electricity, where il is in 
U)«r llie instantaneous or llie continuous dynamic stale, under- 
t, by Oie effect of this passage, certain modilicntion^ some tern- 
ary, others permanent, which are estremely remarkable. If it 
rery tine metallic wire, and of no great length, wliich serves 
f transmit the dynamic eleetiieity. thia wire is heated, bceomet 
Bsndcsccnt, and may even uielt, if tlie eleutricities whose re- 
I it is bringing about liave great iulensiiy. If the body 
gh whieh (lie iransmissiun occurs is water, this water b in 
■t decomgiosed ; and its two constituent gases, namely, oxygen 
i liydrogen, are seen to lie set free. But llib effecl is mani- 
I more marked degree when ibe dynamic slate is con- 
lous ; that of healing occurs etjually whether the dynamic state 
^ instantaneous or ci 



TXwwiM on the Nature nf Electricity. 
rThe theory mo«l genvmlly admitted in the present slate of our 
wwledge consists in regarding each of the two electricities, loth 
nis and the resinous, as excessively subtile and imponder- 
ble fluid*, each composed of |>urtieles thnt mulually repel each 
; ihcy arrange themselves on the surface of bodies, where 
'cm!Un, beeause they meet the air, which, being an insulal- 
f body, does not permit ibcm to go fortlier. In no u-roiid acting 
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bodies the two fluids are constrained in tlieir raoTemenls, which 
wc attribute to tlmir being rotiiinisd by the particles of llieae 
bodice. When the two fluids unite, by virtue of liieir mutual 
attraction, tbey ore neutralized, and form jitiUral fiuid, or natural 
tUctricity, the action of which id not sensible, because the effect 
of the two contrary fluids is counterbahinced. It is admitted that 
evei-y body conlsins natural electricity : hence to eleclri;ic a 
boily is la decompose this electricity ; one of the {lurt^, or one 
of the prineiplen, of which remains in excess on the rubbing body. 
This is called Symmcr's two-fluid theoiy. 

Franklin's theory consists in admitting but one single im|Hiu- 
derable electric fluid, very subtile, and all the particles of which 
mutually re]iel each oilier. Euch body has a determinate capacity 
for thb fluid. When it contuins as much as it ought naturally to 
have, tlie body is in the natural electric slate. To electrize a 
body viireously, is to giro it wore electricity than it naturally 
contains ; it b then in the poiittve electric state : to electrize a 
body resinousiy is lo deprive it of a portion of its natural elec- 
tricity 1 it is then in the negative electric state. We have seen 
that these denominations of positive and ncgetive electricity, 
which follow from Franklin's theory, may be justified Iiy con- 
siderations altogether independent of every hypothetical view, 
and based simply on facts. 

We shall not here discuss the comparative merit of these two 
theories; the latter, at least in such sorl as Franklin has for- 
muhirizcd it, cannot be- admitted. The former, although sub- 
ject lo strong objections, is, in the present state of the science, 
a very convenient and tolerably exact manner of representing to 
oureelves this agent which we term tlectricilt/ ; it is under this 
]ioint of view iliat we shall adopt it. However, we may for the 
present say it is very probable that electricity, instead of consist- 
ing of one or of two special fluids tut gentrit, is notldng more than 
the result of a particular niodification in the slate of bodies. This 
modification probably depends on the mutual action exercised on 
each other by the ponderable particles of mailer, and the subtile 
fluid that surrounds them on every side, — a fluid that is gen- 
erally designated by the name of ether, and the imdulationa of 
which constitute light and heat. 
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PliOPAflATION' OF ELECTRICITY. 

' All bodies may be consiiltTeil as composed of nn infinite 
nmbcr of p.irticlts closely united ; it reaulis from lliis, ttint the 
leciric current upon llie contluclor docj not flow over it in A 
ial(^oiid to tliiil of a Ii<fuid in a tube, but \\y a scries of 
of the neutral fluid 
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plale h Iravcrsed at iU centre by a Dictal axiJ^, lixcd firmly lo 
the glass by means of two ferules ; this axis raata upon two 
wooden supports, fixed vertically at the end of u iwlid liibJL-, and 
is so placed lliat the gliua plate ia situated between tb« two sup- 
ports, and at an equal disUuice from either. A bundle fixed la 
the extremity of the asia Ibal is situated on the outer aide of the 
table server to give a rotary movement to ibe plate. The 
greater portion of tlib handle is commonly of gliiss, so llmt ihe 
eleclriciiy of the pari of tbo plate nearest lo ibe axis amy not be 
conducted into ibe ground by the bund and body of tlie jicrson 
who is working the machine. Two pairs of borve-hair cuHiiions 
covered wilb leather aru placed, one in the upper |iart, the other 
in the lower part of each of the two vertical supjwrts. Tliese 
cushions arc so arranged tliat each portion of the plate is made 
to pass successively between them, first above, then below, by 
means of the rotary movement. It is nbo necessary that iho 
cusliioiis be sufficiently near together, and eulKdently clastic, lo 
exerciiie a strong pressure against the plate i this produces a fric- 
tion that electrizes the glass. The cueliions are four or five inches 
wide, and are as long as possible ; always, however, leaving a suf- 
ficient interval between their extremities and the metal ferules 
by which the axis of the plate is fixed. 

In order to render the liberation of electricity more consider- 
able, the surface of llio leather of tJie cusliion must be covered 
with an amalgam uf zinc or a coat of musuiu gold (deuto-sul- 
pliuret of lin). The vitreous electricity that ia aciguired by the 
glass plule from the effect of friction i* collected by eylindricul con- 
ductors of brass, which are placed horizontally on vertical glass 
stems, themselves fixed on the table, at one of the extremities of 
which the sup{>orls are placed by wluch the glass plate and the 
cushions are sustained. 

We liave seen nl>ove how electricity is obtained by friction, \fui 
it is not the only mode of producing this development : there cxi#t 
others ; in particular, elev.ition of temperature, and also tlie 
chemical action of one body upon another. 

We shall confine ourselves here to a brief description of the 
Voltaic Pile, an apparatus in which electricity is developed, 
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feccording to some hj llie contact of two metals of a different 
nature, and according to otbera hy the chemical action of the 
liquids with which it is charged 
upon ouc of the two melala 
that enler into its formation. 
The pile devised by ^'olln 
owed its origin to the inter- 
pretatiun which this celebrated 
philosopher gave to a remark- 
able experiment made by Gid- 
vani ; namely, that a frog un- 
dergoes a violent commotion 
when oriu of its nerve*, being 
exposed, is touched with one 
metal, and its musdea with 
another metal, the two metals 
being tbemaelvcs in close con- 
tact in one or more point* 
of their surface. This effect, 
which is due to a liberation of 
electricity, has caused the elec- 
tricity ihiia liberated to be 
called galvanic, and the part 
of physical edence concerned 
in it to be called galvanitm; but the name Voltaic must re- 
main to the pile, since it truly originated with Volia. 

The form firat given by Volta to the pile is that of a ver- 
tical column, formed of discs of copper and line, from 1 ^ (o 
2^ inches in diameter, arranged as follows. The baae of the 
column b a copper disc, upon which is placed a zam disc ; the 
composition of the^ two superposed discs forms a \i&\T. Over lliis 
first pair a second similar pair is placed, care being taken that 
tlie copjier is always below the zinc: the second pair is separated 
from tlie first by a circular piece of doth or pasteboard, well 
moistened with water, or, which is better, with salt water, or acid 
water. Upon the second pair is placed a tliinl, arranged in tlie 
tame manner, and separated also by a moistened ciruuW piocc^ 
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similar to that which preceded. In this manner a greater or less 
number of pairs are superposed one upon another, care being 
taken to retain ihein iu tlieir position by means of vertical rods 
of brass; if the precaution lias been taken to insulate llic pile by 
resting its bass u|M>n a plate of glass, it is found to bo charged 
with negative electricity at its lower eslremity, where it is tenui- 
nated by ihe copper disc, and with positive electricity at its upper 
extremity, where it is terminated by the di*c of zinc. These 
extremities are lernicd potts; the former the negalivc, and the 
latter the positive pole of the pile. Had the two metals been 
placed in another order, namely, had we <!ommenced with the 
sine, and placed upon it the copper di^,then the moistened cloth, 
and then again zinc, copper, and moist cloth, and to on, the posi- 
tive pole would have been below, and the negative above. Two 
wires lead, one from the extreme copper, and the other from Ibe 
extreme zinc, each communicating the electricity of the pole 
whence it originates; and when they are brought together, a 
apark passes between them, resulting from tfae neutralization of 
the two contrary electricities. If these wires are held one in 
each hand, when the number of p^rs in the pile is sufficiently 
great, a series of shocks is felt, the sensation of which is somc- 
tiinea very painful. When, instead of the human body, a very 
fine wire of iron, platinum, or any other metal, an inch or two 
in length, is employed to connect the two conductors, the neutral- 
ization of the two kinds of electricities is brought about through 
this wire, which rises in temperature and becomes incandescent. 
The length and diameter of tlie wire that can be healed are 
greater in proportion as the pile is more powerful. The motX 
remarkable circumstance is, that the incandescent condition of 
the wire b permanent, because tlie neutralization of the two 
electricities is continued, the pile liberating them at each of ita 
poles, in proportion and as rapidly as they are neutralized. 

The form of a column, which Volta gave to his apparatus, was 
Boon abandoned ; it had many inconveniences, among the prin- 
cipal of which was the rapid drying up of the pieces of moistened 
cloth or pasteboard, whence arose a great diminution in the pom 
of ihe pile. 
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I To remedy thi:', it was proposed to eubstilule for ihese iUva a 
'feed of lii(uul, whiuh necps^arily rci|uired tliat what wa« a vertical 
^lu should ho rendered horizontal, and thai cnch pair should itien 
be composed, not of two circalar discs, but of two ruciangiilar 
plates in contac-l, and should be cemented one after the other in 
the grooves of a wooilen trough, bo as to leave between them 
vacnat spaces, or cells, lo be filled with liquid. This mode of 
1 construction, nhicli was first pointed out bj Cruikshanks, was 
i adopted in ealablishing the great voltaic pile that was given to 
Poljlechnic School by the Emperor Naiwleon, ajid witli 
trbich MM. Gaj-Lussac and Thenard miidc their exi>criment« 
"n 1808. 
This rorm, however, proved unsatisfactory, and a return was 
|. jnaile to a form that Volta hod previously pointed out, in con- 
■tructing his pile calle<l Couronne de Tattet, — a pile in which 
■ the liquids are placed in vessel* independent of the metal plates, 
and the sides of which, of gla^s, poreelnin, or pipe-clay, allow 
them to be placed one after tbc other, and even in contact, 
without any communication arising between the liquid Btrala 
ilaincd in them. With this in view, either a eeriea of ordi- 
. nary cylindrical glasses is employed, as in the courvnne rU taut* 
] |»le, or a porcelain trough, divided off, by [lartilions made wHh 
the trough, iolo a certain number of cells (generally ten), m equal 
And successive compartments uf a rectangular form, into each of 
which the liquid is poured, care being taken not to fill them com- 
pletely. The liquids are thus totally insuliilcd from each other. 
With regard to the metal plates, as it was very quickly perceived 
that it wa^ not necessary for the zinc and copper lo be in con- 
tact throughout their surface, but that it sulBced for Iheni to be 
so in certain pointa o:dy, it was enough to plunge into the liquid 
of each compartment a tine and a copper plate, and to make a 
^_ communication by means of n small pinte of copper, in the form 
^K -of nn arc. between the zinc of one compartment and the copper 
^V of the following one, and so on. This is done in the eoitronnt 
^B dt tasift. By ibis method the liquid stratum, as in the primitive 
^^^ptle, occurs between the zinc on the one hand, and the copper on 
^^Kdie Otheri and the linc and copper that are plunged into the same 



i 



24 I'REUSIlSAltV NOTIONS. 

liquid are never in meiallic coaiAct, which is as it should 
But lo faciliioW operations, civre is taken in llie trough piles lo 
&ji the pairs, which ore the sunie in nnmhcr as the coiupiirtnieDts 
of the trough, lo a ro<l of gloss or riimiisheU wood: ihe^ are held 
there by means of the copper are, which forma the means of 
communication between the metais of the pair. The metal 
plates must he arranged one alter the other in the proper order, 
and at such distances that, bj holding in the hands the two ends 
of the rod to which they are fixed, they may he [dunged all 
together into their respective troughs, and so that each occupies 
the place prescribed for it ; i. e. so that there shall be found in 
the same liquid only the zinc of the preceding couple, and the cop- 
per of the following one, or reciprocally. 

Danielti, Grove't, and Smee'i Coiulnnl Baltenm. ^H 

The piles, or batteries, that we hare been describing, and 
which were for a long time exclusively used, all possess one in- 
ooDTcnicnce, which is, that after a short time they lose their 
power ; and, in general, their force is very variable during the 
progress of the same ex|M;rimenl, even when the duration does 
not extend beyond ten or fiflcen minutes. This gradual, and, in 
the majority of cases, rapid diminution, b due to several causes, 
the principal of which is that the liquid placed between the jiaira 
is decomposed when tlio poles of the piles are connected by a 
conductor, in the some manner as the liquid is decranposed that 
IB interposed between the poles themselves; it hence results that 
the copper of each pair b covered with hydrogen, and even with 
oxide of Kinc, arising from the decom|>osilion of the water, and 
from Itmt of the sulphate of zinc whicli is constantly formed from 
the action of the sulphuric acid upon the zinc. This deposit, by 
altering tlie surface of the copper, and rendering it almost similar 
to that of Kinc, which latter, on its own part, is very rapidly oxi- 
dised, destroys in great part one of the conditions essential in 
the construction of a halleiy, the heterogeneity of tlie two mettds ; 
and consequently very notably reduces its power. Hence it was 
Deceasnry to clean the plates ,of a pile every time it was used, 
before putting it in action agnin. 
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In 183G, Danielt, in order to uvo'id the inconvenience lliat vra ] 
have just pointed oui. eonceived tlie idea of plunging llie copper 1 
of eai'li pair iuio a diffurent liquid fruin that in wliicli the Kine j 
was plunged; he plticed tlie fonner of these melols in n Bolulioo i 
of sulphate of copjx^r, and the latter in a diluted solution of I 
water and sulphuric acid, or in a wlution of eca-salt. The di^ J 
ficulty was to Beparato these two liquids by a BuUitance which, 
while preventing the mixture, should not alter the conJuclibiliiy t)t ] 
the heterogeneous liquid conductor inteqioscd hetween the plnteg 
of the pairs. A metal diaphragm could not be thought oli fur tliit 
would have Tiuliited one of the fundamental conditions ot' tbo 
construction of the hattery, which requires that there should be 
a conductor totally moist between the pairs. Daniell had recourse 
to au organic substance, according to the method which Bee- ' 
querel had lirst pointed out ; and he made some diaphragms wtlh 
bladder, with etoul paper, with very thin wood, or with veiy i 
closely woven linen clolh. Experience has given the prefer, 
to dia|ihragn)s of tliin wood, — lime-tree wood, for example, — 
and those of bladder ; but care must be taken to preserve them 
fVom flaws, or in general from all solution of continuilr. With 
this in view, it is necessary to keep the wooden diaphragms oon- 
gtonlly in water when they are not in use. and lo place those 
made of bbddcr under protection from the attacks of insects and 
from the contact of every fon^gn body. The difficulty experi- 
enced in taking these precautions has induciwl fcvenil philoso- . 
phrr« to adopt, as indeed Daniell himself did, dia|ihr«gms of u 
ghized, porous earth ; but the battery lo»cs much of its power, ' 
especially for calorific and chemical efiects. It answers, however, 
an excellent purpose in connection with the electric telegrxphf ' 
and is very extensively used upon all lines in this country, aa we 
sludl gee further on. . Daniell gave the cylindrical fi>mi lo the 
pairs of his battery, on account of the greater facility of pro- 
curing diaphragms of this form. In his battery (Fig. 4) a hol- 
low copper cylinder is plunged into a glow vessel filled with at 
aoluiion of sulphate of copper ; in the interior of the cylinder i* ] 
placed either a bog made of bladder, or a wooden tube, or a hc^' j 
low cylinder of {>on>ud earth (the latter is the universal form | 
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nsedat present), which is filled with either acid ulaled or saline 
water; finally, in this water id plunged a zinc cylinder, wliicli h in 




indcr may be solid or '. 
latter ca«e it la cast with 
lion nC tbe top, to which is allaclicd a 
ecrew-«up nitndar to Ilio one iiiK>n tlxt 
copper cylinder Some preler the latter 
mode, because the iinc presents more 
points of contact nilh the liquid, but it 
b consumed more rapidly We prefer, 
however, a solid cylinder, considerably 
larger in diamcicr at the middle than at 
either end, on account of the greater action which takes place in 
the centre of Ihc ctip than at either extremity. This mode was 
first used by Sir. J. B, Sleama, Siiperinlendenl of the Fire 
Alarm Telegraph in Boston, who arrived at this reauU after a 
lArgo number of observations upon the various batteries in use 
upon the circuits of his districts. 

The Daniell battery is used upon nearly all telegraph lines in 
the United Stales for a local current. They have been sutMtitui- 
ed for the Grove, which was formerly exclusively used for local 
as well as main circuits. They ore much superior to the Grove 
in that they require less attention, are not ofensive in smell nor 
injurious lo health, and furnish a steady, reliable current. Two 
I'ups are generally sulficient to work a Morse register or sounder. 
These batteries have aUo been inlroduced with good succcm 
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upon Bome Iidcs for workin*; main (circuits. The following form 
(Fig- 5) was designed hy Messrs, C. T. & J. N, ChosUT, of New 





York, especially for local circiiii^ upon Iclegraph lines. Z a & 
cylinder of zinc; PC, poroua, or unglazed earllien cup; C, cop- 
per cell, with perforaled copper chamljer attached ; G, glass tiiin- 
bler. This form of the Daiiiell biiiiery, and that represented in 
P'ig. 4, designed by Mr. Thomas Hall, of Boslon, are most gen- 
erally preferred, Although many others have been devised by ean- 
didalcs anxions to obtain the fame of a new invention, and who 
have accordingly varied llie form of the battery in a diversity of 
ways, without any real advantage. 

A second constant pile, and one in which two different liquids 
are also employed, ia that of Grove. In this ballery the zinc is 
amalgamated, aiid is plunged inlo sulphuric acid diluted with ten 
or twenty times its volunin of water. The other metal b plali- 
I, and not copper, and is plunged inlo nitric acid, either pure 
of 40", or diluted with half its volume of water, or mixed with 
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one fourth coacentrated sulphuric acid. The diaphn^m E> 
the two liquids are separated is not in ttiia case of an orgMi 
lure J for il >vould be immcdiuleiy deslrojt'd by the action ■ 
nitric acid (Fig. C) : it is of' uo^'lazcd [touTlain or pipi> 




n this state these substances have the advantage of being a| 
icnily porous to permit communication between the liquids, i 
it the Slime time of entirely preventing their mixture. ' 




In Grove's battery (Fig. 7) the pairs are generally of a cj 
drical form ; they are cyUnders of zinc (Fig. 6) i 



) and pl^ 
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platinum plunged into c«|i9 of porcelain or gloss. EiuJi cell con- 
tains dilute eutpliuric acid, Iq which the zinc is immersed, and a. 
small cell of porous earth 
filled wilhiii with 
acid. In this ociil U 
placed ibc platinum plak-, 
in metallic contact with 
llie zinc of the succeed- 
ing or following cell. 
This contact is eslaU- 
lished 

of the zinc cylinder (Fig- 
9) and the pluti 
plate, which are soldered 
together. Expe) 
has shown that the pow- 
er of these batteries is much 
plutes a very liirj 




I made hollow, and encloses 
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the porous unglazed eartlien cylinder, ialo which passes a thin 
strip of platinum, one incli in width liy three in lenglii ; the arm 
of tlie line of the preceding eup projects over tlie jtorous cylin- 
der GO oa to admit of the platinum strip occupying a vertical 
position in the cell, and presenting a parallel Hurfacc to the xinc 
cyliiider. 

When Grove's battery is in action, — (hat is, when its poles are 
iinitcil, — the hydrogen arising from iho decouiposiiioa of the 
acidulated water in which the metals of llie pain are plunged b 
not developed upon the platinum, but changes the nitric acid into 
nitrous acid ; the oxide of zinc remains, as before, in tbit liquid, 
where (he xinc itself is, and does not peneirate through the po- 
rous partition to the platinum. The lull«r then retains a per- 
fectly clean surface ; and it is this circumstance which contributes 
essentially to this pile's mutnliiining for a greater or less length 
of time, according to the use that is made of itj that |iower which 
is at once so constant and so energetic, and which renders it ki 
valuable in practice. Tlie nitric acid, however, as it cliaagcs 
into nitrous acid by the action of the hydrogen, passes into red- 
dish-brown, and then into green, anil finally uequirea a tem- 
perature so elevated thai it enters into ebullition ; in this case, it 
is necessary immediately lo arrest Ihe action of the pile. 

Fig. 10 reprcscnia the phttiua IcrraiDal lo a Grove series, — 
heavy metallic base and binding screw aiiacbment. 

UunsE'n's baUcry differs from Grove's only in tliat carbon sup- 
plies llie place of platinum. Tliis substitution oruse essentially 
from the high price of platinum, which on this account is used in 
narrow strips, so thin that they arc frequently torn. Bunsen's 
pile has also the cylindrical form of Daniell's ; in fact, if in the 
latter a hollow cylinder of carbon be put in the place of the hol- 
low copper cylinder, and pure or diluted nitric acid in place of 
the solution of sulphate of copper, and a cylinder of pon)us eurlh 
in place of the porous cylinder of organic matter in wliicli are 
contained the diluted sulphuric acid and the cylinder of zinc, 
we obtain Bunscn'n pile. Each ciu'bon cylinder curries at its 
upper part a collar of eopjier, furnished with an appendix, which 
is placed in contact, by means of pincers, with a similar appendix 
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carried bj eacb zinc cjlinJer ; care, however, must be lakcn lliat ' 
■ be cai'buri rjlinder b suffieienlly bigli. tliat llic part wbicb 



I 




ries tbe copper 
quenilv shall ii 



eball rise above ihe glass vessel, and conse- , 
vay be in contnct with the nitric acid. How- 
ever, B9 the charcoal is very poroiia, the capillarity caui^es tlic | 
Bcid finally to attain to the top of the cylinder, and to niter mlo> 1 
riorly the copper ring. Therefore, every time tbi« pile » used, it 1 
is necessary (o move these rings and wash and carefully clean 1 

A more convenient arrangement, ina^mach ta it is free from J 

the kind of inconvenience that we have just pointed out, ia thill i 

contrived by M. llonijal. who employs, instead of hollow cylii>- I 

dets, solid cylinders of carbon, in the lop of whiih is ibrusl « ] 
stonl copper rod. Lent so lis lo be put into coumunicalion with a 

■crew cup upon the jiinc. The lop of the carbon cylinder around I 

the place in which the copper rod is in^rted id covered with a J 
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coaling made of wax, prepared bo as to penelmte lo a suiTicienl 
dcpdi into the pores of the ]Kirtion of ihe carbon which it covers, 
and to which it adheres elronglj-. The consetiuenee of this is that 
the nitric acid cannot ascend as far as tlie copper rod. It is evi- 
dent that in this pile the amalgBmaled zinc is outside the carbon ; 
it is a hollow cylinder plunged into the glass vessel that h filled 
with diluted nulphuric acid ; the porous lube is placed in tlie inte- 
rior of the zinc cylinder, and iteelf receives the carbon nnd the 
nitric acid into which the latter must be plunged. 

The Smee bnllery (Fig. 11). invented by Alfred Smee, of 
London, has been used soniewlial extensively upon telegraph 




lines in this country during the past five year,*, having been de- 
signed, however, more particularly for use in electro-metallurgy. 

This battery was made upon noticing the property which rough 
surfaces possess of evolving tlic hydn^en. and smooth surfaces 
of favoring its odliesion. Thus, whatever metal is used for a 
negative plate is roughened, either by a corrosive acid or me- 
chanically, by rubbing the surface with sand-paper. The liquid 
generally used to charge this battery is one part sulphuric acid 
to ten of water. The form of the battery used for lelegrapliic 
purposes consists of a strip of platinum, one inch wide by ten in 
length, fastened to a beam of wood, ujmn the opposite side of 
which is a plate of zinc mercurialized, and both plunged into a 
glass tumbler. In arranging a series of cells, the itinv of the one 
cup is attached to the platinum of the next 

The electro-motive force of this battery is about half that of 
Daniell, and one fourth that of Grove. 
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Clitster's tt-lcgraph baltpry for main oircuil is represented im 
Fig. J 2. A is un iiisuljiliid wood-pieec ; Ji. brass cla&ips; Z, 




rinc plates ; P, platinized plates ; T, lumLlere. In hatteiy Fig. 1, 
the wocHlen pieces rest upon rlie glasxcs. In btittciy Fig. 2, they 
rest on iron hraekels agninsi snpp(irt& 

Thid battciy is based upon the prineiplea of tlie Smee pile, but 
is an imprtivcment in fonn and in the mode of conneeling iho 
cells. They have been in extensive use for about five years, 
and are much liked tiir llieir constancy and clt-anlincR?. 

Fig, 13 shows another method of connecting the plaies, dis- 
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pensing entirely with wooJ-work. The upriglits shown are of 




Fig. 18 

>a, insulated at the top from the plate clamps with Protean 
rubber. Fig. 14 represents zinc 
plates for the above battery. 

Fig 15 represents & poctet bat- 
tery in its case, which occupies a 
space only eight inches long, five 
inches high, and two inches deep. 
It is charged in twenty seconds, and 
discharged in one. It will work a 
line five miles long with eant Tor 
ten hours, and is invaluable in mak- 
ing testa in places where the trans- 
porlalion and care of a Jorge bat- 
tery would be troublesome. 

Another source whence currents 
of electricity may be obtained is to 
bo found in certain animals. In the 
bodies of certain fishes a very fei^ 
tile source of electricity is foui 
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independenlly of friction. This power is often very intense, 
muck eo aa (o deprive smaller unimals of llicir life, mid U 




Among the moat remarkable of tills class of animala ma; be 
il ihe Raia torpedo (Fig. IS), the Gymnotiu dectrietu, 
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or electric eel (Fi;^. 17), iIjg SHurus eltcli'icas, thu 1 
eleclricus, and ihe Tetraodon elcvlriciu. 




Recent experiments made by MM. Ilumlioldt and Gay-Lus: 
have proved thnt llie least injury to the brain of thedc anim 
destroys at once ibeir power of producing these shoeks. 

In 1773, the celebrated Hunter published tho anatomieal gtr 
ure of the torpedo, ebowing the position of the electric orga 
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In a fish eighteen inches long, it was found that the number of 
columns composing each organ amounted to 470. 

In a very large torpedo, which was found on the British coast, 
4i feet long, and weighing 73 pounds, the number of columns in 
each organ amounted to 1,182, — a battery power of no despica-. 
ble order. 

The magnitude and number of nerves in the torpedo are very 
far greater than those supplied to any Other animal whatever ; 
and it is also evident from the experiments, that the power of 
transmitting these powerful shocks of electricity is controlled and 
regulated by the will of the animal. 

The spontaneous production of electricity by animals shows 
the remarkable fact, that, however difficult it is found in practice 
for man to transmit, artificially, currents of electricity from any 
kind of electric apparatus wholly submersed in water, yet Nature, 
in her sublime workings, finds no difficulty whatever in so 
doing. 

The torpedo is occasionally found in the waters surrounding 
Cape Cod, and is known by the inhabitants of that locality as the 
Cramp'Jithy from the manner in which the muscles of the hands 
and arms are cramped when in contact with this singular animal. 

Formerly the torpedo was quite common in that locality, fre- 
quently tbeing caught by the hook, as well as found upon the 
beach, but of late it is more rarely seen. 

The inhabitants state that, when touched by the hand, tlie 
shock received is so powerful as to prostrate a man instantly. 
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CHAPTER III. 

UAGNETISM. 

Thebb exists in nature a mineral named Zoadilotte, knoini 
from all anliquity, which possesses tho property of aitracting 
particles of iron which am placed near it, in certain points of its 
surface which are called poles. This mineral ia a compound of 
iron and oxjgen. The ancients called it piyi^c, from the city of 
Uagneata in Ljdia, where it was found in abundance ; heace 
arose the name of maffntliim for that part of physics which 
treats of the phenomena of which it is llie origin, and the name 
of magnetic for the phenomena themselves. 

One of the most remarkable properties of the loadstone is 
that by virtue of which it communicatea its property of attract- 
ing iron to a needle or a steel bar (Fig. 18) which 
is rubbed several times consecutively in the same 
direction against one of its poles. This needle or 
bar thus becomes capable of attracting towards its 
extremities n considerable quantity of filings or pieces 
of iron. The needle is then said to be magiietisad, 
and its poles are at its extremities. If the steel bar 
exceed six or eight inches in length, we sometimes 
liiid two, or even four, poles beside those at its 
.■lids. 

If, after having magnetized a steel needle, we 
-iispend it by its centre of gravity to a thread, or 
]il.ace it on a point by means of a cap, it is found to 
i.tke a determinate direction towards a point of the 
horizon which is very nearly north and south (Fig. 
I'J). The point of the needle that is directed to- 
wards Ihe north has been termed the norlh pole, and 
that which is directed towards the south, the »ou/A pole. 
For a long time philosophers were struck with the analogf 
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that Beemed to exist between electric and magnelio phtn 
two magnetisDia, aa ibcro are two electricities ; attraction i 
repulsiou exercised between 
the contrary magnetisms as 
between the electricilies, ac- 
cording lo similar laws. 

In 1820, Oersted, a Danish 
philosopher, succeeded in dis- 
covering the relation between 
iii;>gneltsm and electricity. 
Kli'dricity acts npon a mag- 
urC; and a magnet in its 
mni acts upon electricilj t 
but only when the electricitj 
is in motion, that is to gay, in 
the condition that we term '«-"'- 

dynamic ; there is no action when [he electricity is in the d 
or tension slate. 

The following is Oersted's rundamenlal experiment:- 



I 




Unite the two poles of a battery by a wire. Place abov 
below this wire a mag- 
netized needle, freely 
suspended, and paral- 
lel to its direction (Fig. 
20). The needle im- 
mediately suffers a de- 
Tiation, which is the 
more considerable as 
the volluic pile is the 
more powerful ; and it 
tends lo place itself per- 
pendicularly lo the con- 
junctive wire, a posi 
lion which it succeeds 
in obtaining when the 
electricity developed 
bj the pile is very strong (Fig. 21). The direction of 
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deviation depends upon tw 

of tlic conjunctive: wire in relatii 




rig. 21. 



it may be above or below ; tbe secoml is ibe commanicatlon of 
each of the two extremities of the conjunctive wire with either 
pole of the pile. Thua, if, the conjunctive wire being below the 
needle, ihc positive; pole of ihe pile eommunicate witb the ex- 
tremity of Ihe wire tliat is on the Bouth side, and the negative 
pole with that which is on ihe north side, the north pole of ihe 
magnetized needle deviates to ihc east ; if wc change the plnce of 
the poles of tlic battery, it deviates to the west. Bnt if flic con- 
junctive wire be above ihe needle, instead of below, the deviation 
occurs in the contrary direction ; that is to *ay, the north pole of 
the needle deviates to tlie west when the poailive [lole is at Ihe 
south extrcmily of the conjunctive wire, and the negative pole at 
tbe north extremity, and lo the east when the plucc of the poles 
of ihe pile is inverted. 

If die conjunctive wire be not placed parallel lo the needle, but 
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r that ita direction fonna, with that of the necaile, 
r IidIow it, a greater or lesa angle, the action is atill 
3 needle in like manner manifests its tendoney to 
r perpciidieular to the wire, a tendency which 
I it obeys entirely when the force of the pile is sufficient to sur- 
mount the resisinnee to deviation arising from the directive force 
of the earth (Fig. 22). 




IM. Ampere was not long in lAking np tins experiment, and 
deducing from it many tbeorclical and experimental consequences 
of the higheat interest, which, under the name of eUetra-di/ntttniet, 
have formed an entirely new jiart of physics. He observed that 
the action discovered by Oersilcd not only took place in the vicin- 
ity of the coTiJunctive wire, hut that it was in hke manner excr- 
riaed hy all parts of the conductor by which the two poles of a 
pile are united, and by ibc pile iUelf ; but only when its poles 
coininunicate tdgelher. 

Ampere drew some important conclusions from this experiment : 

namely, that the force, wliaiever it may be, that acts upon the mog- 

nctixed needle, emunuies equally from oil parts of a eoltaie etr- 

atil, designating by tlicsc words the pile and the whole of the con- 

I duclora, whatever thev may be, by which the [Kiles arc connected 

4» 
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The second conclusion is, lliat tlie force in question ia 
iDg; for how can we olherwiae eiplain wby it acts in eontrary " 
directions when it emanaiea from the two opposite or parallel 
portions of the circuit, this opposition being the only eircurnstance 
that establishes the conilitions of the experiment ? We may 
compare its oclion with that which a current of water would exer- 
cise, if circulating in an annular canal. In thia case, small, light 
bodies, floating on the water, would be drawn onward by two 
parallel or opposite portions of the current of water. This anal- 
ogy has led to the name of elecCrie curreiU being applied to the 
force that arises in the whole of the circuit, from the reunion of 
the two poles of a pile by a conductor. The electric current is 
the representative of the continued dynamic state of electricity. 

From the origin of these researches, M. Ampere perceived 
that an electric current not only acta upon a magnet, but that it 
also eiercisca an action upon another electric current. He found 
that this action consisted in that, if two portions of rectilinear 
currents parallel to each other are both movable, or are the one 
fixed and the other movable, they are muhudlt/ altraetiee when they 
are moving in the tame direction, aiid repultivt lehen they are mov- 
ing in a contrary direction. The attraction in this case docs not 
cease with contact, as occurs when we are referring to the attrac- 
tion of electric l>odiea in static electricity ; it remains so long aa 
the current continues to traverse the conductors. 

Immediately after Oersted's discovery, M. Arago showed 
that an electric current attracts iron filings (Fig. 2'i) and pro- 
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daces magDetii&tkm ju^t aa a magnet nould do. He 1 
found that, in order to impress a more decided magnetism upon 
a ateei needle, it was necessary to employ a conductor bunt into 
& helix, within the axis of which he 
placed the needle, instead of using 
the rectilinear current (Fig. 24)- In 
the experiment of the electric cni^ 
rent upon iron filings, it was ob- 
served that, 88 6DOO as the current 
ceases to pass through the wire, the 
mass immediately falls. This phe- 
nomenon proves ihe susceptibility of tho partidea of iron to ae- 
qnire a powerful magnetism under the influence of a current, 
and to lose it as soon as this influence ceases. Subsequently 
experiments were made by surrounding a bar of eoh iron, bent 
into the form of a horse-shoe (Fig, 25), with copper wire covered 
with silk, and wound into a helix, care being token that Ihe helix 
of the second branch should be the conlinuiklbn of the helix of the 
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first s 90 that if the bar had been straightened, the two helices 
would have formed but one, both rigkt-htmdfd, or both Ufi-kanded. 
A feeble electric current, such us that produced by a single pair of 
copper and zinc plates, is suiricicnt, on being transmitted lluYiugh 
the wire, to magnetize the bur powerfully (Fig- 26). The mag- 
netization is instantaneous ; it occurs as soon as the current com- 
mences passing, but it censes almost entirely with the current 
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It IB SO energetic that, witli a 
aod iron sustain a weight of a 



uilable pile, we can make a bar of 
<ln (Fig. 27). These leujporary 
nutgnets are eBlled eledro-magnels, to dia- 
^^,-- tiiigiiish them from permanent magneto of 

^^^^1 aletil, und electric helices or solenoids. The 

^^HH|^ discovery of electro-niagnula has given a 

^^^^^\ Terj great advance to magneti.im, hj fur- 

H^^^S \ ni!«hing us with a means of acquiring im- 

^^B^^ N. mense, and we may say almost unlimited, 
magnetic power. We aball goe, farther on 
the immense advantages which mankind has 
derived from it in its application to electric 
telegraphy. 

Many experiments have been made to 
determine the conditions tnoat favorable for 
the development of powerful magnetism in 
electro-magnels. The length and diameter 
of tlie branches of the horse-shoe, the num- 
ib ber of convolutions of the conducting wire, 

JK and its diameter, have successively been 

j^ 2T '''^ subjects of numerous investigations. 

The force and nature of the pile employed 
for producing the current have also been varied, and researchea 
have been made as to whether it is better that the wire coiled 
round the two branches of the elect ro-magnet should be continu- 
ous, so as to be traversed successively by the whole of the cur- 
rent ; or whether it is preferable for it to be divided into a 
greater number of wires, among which the total current should 
be divided. MM. Moll, LipliauK, Quctclcl, Prof. Henry, aud 
many others, are still engaged upon this subject. With n cur- 
rent of a certain intensity, or developed by a certain pile, cma 
kind of electro-magnet is preferable, wliilst with another current, 
of a difierent intensity or origin, another kind would be pref- 

The quality of the iron exercises a great influence over the 
power of the electro-magnet; it must be as soft as possible : thus 
1, and especially Swedish iron, is preferable lo all others. 



I Jt is not a bad plan to anneal it several times, in order to soften 
■it, taking care to allow it lo cool very slowly. The rapidity with 
I'Vhich iron loses ils magoetisni, as soon as t)ie current cea«ea, 
I 'depends essentially upon ita nature ; however, it likewise depends 
!■ upon the dimensions of the bar. Ilorse-shoes whose branches 
L mre long lo^e their magnetism much less easily and much more 
I itowly than those whose branches are short, — four inches in 
I length, for example. The prc'cnce of tlie armature at the ex- 
f trcmities of the branches of an electro-magnet contribuics towards 
rits preening il 



£lecir!)-maffnelic G/tifanometen. 

The action exercised by a current upon a magnetized needle 
has furnished a means for delcrraining ihe existence and apprc- 
dating the force of an electric currvnL This action accompanies 
in nil eases Ilie presence of dynamic electricity, whatever be the 

■ nature of the circuit and [he feebleness of Ihe electricity. 
We have seen that a conductor traversed by a current placed 
oWe a needle, but very near it, and parallel to its axis, makes 
this needle deviate to the east or lo ihe west, according as it is 
moving in a direction from north to souili, or from south to north. 
If it bo btlow, it makes it deviate lo the east when it is moving in 
the diroction from south to north, and to the west when it is mov- 
ing in the diroclion from uorlh lo soutL It follows from this, 
tliat, if Ihe conductor which transmits the current, pas.><ing first 
^^ above the needle', be bent so as lo return below, and so form 
^L two punillel brandies bctwesn which ihe needle is suspended, 
^H the curreol that traverses t)ie upper branch lends to make the 
^H needle deviate in the some direction as the current iliat traverses 
^^f the lower one, precisely bm-ause it hus in llie former a contrary 
^H direction to wlwt it has in the latter. By thus arranging the 
^■^ wire by which the current is tnuimnilted, we obtain an action 
^^^ t]|ian tlie needle twice as poweriut as if, being kept r<Ttilinear, 
^^1 -btstr-iid of U'ing bt^nt, it hod acted only above or below. But, 
^H instead of bending it once only, we may bend it twice, which 
^^H doubles llie efleet ; ihroe times, which trebles it ; — iu a word, we 



46 



PBELIUIKABV KOTIONS. 



can cause tbe wire to make & very great number of convolutions, 
and can so mullipl; by a conBidemble quantity tbe action of tbe 
current upou tbe magnetized noodle. A very feeble current, 
whose action would be scarcely viuble if the wire by which it la 
iransmitled made but one convolution, b able to cxort ii \'ery 
mnrked action when ilie number of convoluliona bccomi'S consid- 
erable. This apfinmluH has tberefore been named iJie gcdva- 



r-miilliplier (Fig. 28). 




In constructing it we employ a copper wire covered with silk, 
whidi we coil round a wooden fnune solidly fixed upon a Kiand, 
and which leaves between ita lower and upper surface the 
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^ntullcst possible space ; it is in the interior of ihia space llutt the 
■ugnelized needle is fluspeaded : the two ends of the wire, which 
are carefully deprived of llic f ilk that covers them, serve to phtc-e 
the galvanometer, that is to say, the wire of iho instrumCDl, in 
the circuit. At tho moment when a circuit is thus closed, provid- 
ing that a current is propagated in it, we see the needle move ; 
the direction in which it moves indicates the direcliuii of the cur- 
vent, the pTtttnee of whicli is detected by this movement ; and 
tbe number of degrees, or the size of the arc of devi&tiuu, euahles 
U (o appreciate its initntily. 
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In 1832, Prof. Faraday discovered that an electric current or a 
m^net is able by induction to develop at a distance electric cur- 
rents in a conducting wire ; just as a body charged with static 
electricity elcctrixes an fiuulated conduclor by induction. Tbe 
following b the mode by which tliis remarkable result is ob- 
tained. 

We wind round a wooden cylinder two silk-covered wires 
BO as to make two prrfectly similar helices, the spirals of which 
are parallel, and as near to each other as possible. The two 
end* of one of the wires arc made to communicate with a gal> 
vanometcr, and the two ends of the other with the two poles of 
a batierr. At the moment when this latter communication ia 
ctstuhlislicd, the first having been established previously, the 
needle of tlie galvanometer is seen to deviate \ but this deviation 
immnliuTcly ceases, even tliough the current of the battery con- 
tinues to circuUie. As soon as this current is interrupted, the 
needle of the galvnnometer a second time experiences a sudden 
and more pennaaent deviation ; but this deviation occurs in n 
contrary diretlion to that in which the former bad occurred. 
Thus the voltaic current that traverses one of the wires deter- 
mines in the otlier an iniiluntaneous current at the moment when it 
commences to pass, and dt^termines it in a second al the moment 
when it ceases to pass. These two currents are called iiutucfd 
i-iinvntt, and the current of llic battery tlio ittduciHg curraU; 
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the indulged currents, aa we see, are instiuitaoeous : let us further 
add, lIuLt ilio former has a direclioD contrary to that of the in- 
ducing current, and the latter a similar direction. 

Tliifl experiment proves that, when we suddenly bring near to 
R part of a conductor, forming a closed circuit, a condui'lor trav- 
ersed by a current, wo determine in the former an inKluiiluneoua 
current, moving in a direction conlraiy to tliat of the current 
brought near to it ; and that when we remove it, we determine a 
eccond instaataneous current, moving in the same direction with 
tbe current that ii removed. 

The intensity of ilie induced currrent depends on many dr- 
cumstanees : first, on the length and diameter of tbe wires of the 
helices ; and then or the energy of the inducing current, or the 
Strength of the magnet. In general, it is advantageous to lake 
very long wires, and even to add several helices end to end, one 
at\er the other ; but if we are not producing the induction with 
a magnet, it is necessary to employ an' inducing curronC arising 
from a, battery of a greut many pairs. 

MiiipietQ-Electrie Maekitien. 

We have just seen that magneto-electric induction is a remark- 
able source of dynamic electricity. We may therefore take ad- 
vantage of this in order to produce electric currents, oa we use 
friction in the electrical machine for developing static electricity. 

The first magneto-electric machine was constructed by Fara- 
day ; but the one in general use at the present time was designed 
by Saiton. and perfected by Clarke. This apparatus (Fig. 29) 
powerful borsesboe magnet, fixed horizontally ; an 
9 of sol^ iron having the form of a horseshoe, and each 
branch of which is surrounded by a wire covered with allli, is set 
in rotation before the magnetic poles by means of a horizontal 
axis passing between the branches of Ibu mi^ncl, and which is 
itself moved by means of a wheel. An enillcr's cord, passing at 
once round the circumfefence of the wheel and tbe groove of a 
pulley fixed on the axis by its centre, serves to communicate mo- 
tion. The two branches of tbe armature, which ia fixed trans- 



its- I 



Terst'ly to llic exlrcmity of llie axis, at*, for eacL turn of the 

both mode lo pass eucci'ssivoly before llic two polus of tbe magnet. 



•h.^ 




Fig. SB. 

Al each passage there is magnciixstion, and consequenlly a devel- 
opment in Ihe ambient wire of two induced curreula in contrary 
dirccliona. Hence it follows, that in all there are four currents 
in each of the two wires for one complele rotation of the wheel. 
If we compare each induced current in one of tlie wirea with 
Ihe current induced in the other at llic Hame instant, — that 
is to Bay, at the instant of magnetization or at the instant of 
demagnetization, — we shall remark that these currents must be 
moving in contrary directions) because the poles of iho magnet to 
whoee influence lliey are due are of a contrary luwio. In order 
that they may a<Id lo, insteud of neutralizing, each other, we 
must connect together the two ends of each of the wires whence 
the current Kcins lo proceed, and the two enda al which it 
aeeros al the same time to enter. Tiiese four eudis thus united 
Iwo aud two. present now only two extremities, which are like 
species of polus, and which are lo be united by llic body destined 
to be placed in the route of the induced currents. We may 
■Ibo unite one of the extremities of one wire with the corre- 
sponding extremity of the other, so Diat the two wires shall form 
but a single one, traversed entirely by each of the induced cur- 
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rents developed in both wires. It is necessary tlinl, in Itic snrnc 
instant, llie two cuirentB simultaneously induced should have tlie 
same direction, which is obtained by jiropcrly selecting the two 
CKtremities that are put in communication, and which we have 
called, in order to exjiresa this idea, the enrretpoitdtitl. Tlie 
two extremities tliat are not united form in thie case ihc two 
jKiles. The currents that are obtained by means of llie mug- 
nelo-elcclrical machine differ from the ordinary currents of vol- 
taic electricity in two respects : Uie first is, that they arc dis- 
continuous ; the second, that they move alternately in opposite 
directions. It is lo the Ibmier of these two circumstances that 
the remarkable inien^ity of the physiological elTe-cts is due. 
(Fig. 30.) The chemical and calorific effeets tliat may be pro- 




duced hy means of thcM induced cnrrents, by o 

the others, are v 

and can i^ven nbtaiti a small luminous ore lieiween two points of 

ooke. The chemical effects arc very decided at tlie fir« iiutant : 

bw the two gases liberated ftllemalely at the two wires uf the 

voltameter very «oon re-combinc, and the chemieal power 19 in 

appeamncc diminished.' 




EUclro-Static J-'jfeeti of Electro-Dynamic Induction. 

IiiducUon by currents and magneU not only gives rise U> dj- 
namic eleetricily, Lm produix-s ihc elettro-slatiral effects of ten- 
Bion 1 induced cum-nu may llit-mselves become inducing currents, 
and give rise to induced currents of onotlier order. A carrent vf 
magnetic induction it ab/e to produce gparks at a diUaiice in the 
air, and powtrfuUy to charge a eondenier ; eonteqiuntly, a current 
of induction can be etUire/y iranij'ormrd into ttatic electricity, 

Tliis importaul |)rinci|dc, which Faraday discovered, lias been 
Yeritied by experiuicnts mudu upon a very large scale by MM. 
MasBon and Bn^gu^t, and which arc [lie mure conclusive as the 
source of the eleclricity which they employed for producing tha 
inductiott was a current or a magnet, and not the eleclricity of 
tension. 

A very excellent instrument for illustrating ihc^c cfiecls is the 
BuUnikorff luductlou Apparatus (Fig. 31J, by whidi almost nil 




the effects of slolic or friclional electricity are produced from the 
I galvanic battery. 
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The power of this instrunioot is immensely greater than lliat 
of the largest electricul machine ; oue eufficient to llirow the 
spark three inches has been found to evolve a quantity of elec- 
tricity equal to ttiat which could be produced by eight hundred 
machines of twenty-four inches' diameter. It is not affected by 
the state of the atmosphere. Tbe batteiy used is Grove's or 
Bunsen's, of one to four cells. 

The apparatus consists of a primary coil of large copper wire, 
surrounding a bundle of iron wires, mounted u|X)n a basement. 
A secondary coil or heliit, of fine silk-covered wire, from one to 
ten miles in length, is wound upon a cylinder of tliick gutta-pcr- 
clia (each layer of which is insulated), which surrounds a gloss 
bell or cylinder, closed at the lop. Tbe glass bell, with the coil, 
is placed over the primary coil ; the terminals of the wire, enclosed 
in rubber tubes, lead to insulated pillars, and the discharges pass 
between platina points ; or the current is conducted by wires to 
other apparatus to show its effects. 

The current from the battery is received through wires by pole 
cups in connection with the primary helix, and ]«issea through an 
interrupter or break-piece ; within tbe basement, and connected 
with the interrupter, is placed a condenser of alternate strata of 
oiled silk and tin-foil. 

In treating npon the subject of Bubraarino cables for tele- 
graphic purposes, we shall show that the principal difficulty at- 
tending tlie working of extended subaqueous lines arises from 
static induction. This will be particularly manifest in the phe- 
nomena observed in connection with the Atlantic Cable. 



The following works have been consulted in relation to sub- 
jects treated upon in this part of the work: — 

Treatise on Eluctrieitj-, by Aug, dc la Kive. Vols, I., II., and TIT. 

Cours thdorique et pratique de Telegraphie Electrique, par E. E. 
BlBTier, lucpectiiur Jes Ligiica Te!egraphl([ucs. Paris. 1857. 



PART II. 



GEXERAL PRINCIPLES OF THE ELECTRIC 
TELEGRAPH. 



CHAPTER IV. 



The rapid communication of intelligence between points morp 
or leas diataol is llie object to be attained in conBtructlng the 
Electric Telegraph. 

A ^ngle signal repeated at interrals from one station, and 
wliich can be easily observed at another, suffices to compose an 
I alphabet or vocabulary. 

The electric current can be transmitted upon an insulated con- 
ductor to a great distance, with sufficient intensity to produce 
marked effects, thus fulfilling marvellously nil the anlicipations of 
ancient and modem limes for the instantaneous communication of 
thought. 

A system of electric telegraph consists of an insulated wirv 
ean<hictor uniting two stations ; a galvanic battery to generate the 
electric fluid ; an apparatus to transmit the current upon the line. 
called a key or manipulator t and an instnunent to observe the 
passage of the curreol, called a receiver. 

We have seen, in a previous chapter, tlial, in order to have an 
electric or galvanic current, it is necessnry that both poles of the 
battery should be united by a conduolor. In the preceding illus- 
trations, this conductor has been a metallic one ; and, in order to 
have both poles of the battery nuited nhieh should be employed 
I to communicate between distant points, it is evident tluit there 
[ must be two wires, — one conncctiog with the positive pole, for 
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cxampki which should ext«nil 1o a distant jKiint, and a return 
wire connecting; with the negative pole. Tliia eslublishcs the 
circuit ; and the two eleclricitiea are obliged to traverse the en- 
lire lenglh of the wire in order lo be neutralized by each other, 
The firat telegraph Lnea were cooalrueted in thia manner ; that 
built between Ualtimore and Washington, in 18J4, contained an 
entire metallic circuit. 

However, it waa aubsequeiitly ascertained that the earth itself 
formed an excellent substitute for the return wire, and tlial it waa 
only necessary to bury the two ends of the wire at the termini of 
the lines at a suitable depth in the earth, to form an excellent 
circuit. 

Thia important discovery, as far as voUaic electricity is con- 
cerned, was made in the following manner. 

M. Gauss had conceived the idea that the two rails of a 
railway might be employed as conductors of the current for the 
electric telegraph. Steinheil, having made some experiments, 
with a view to realizing Gauss's idea, upon the nulroad from 
Nuremberg to Flirth, waa unable to obliiin an insulation of the 
rails Buflicienlly perfect for the current lo reach from one station 
lo the other; the great conductibility with which on this occasion 
he remarked that tiio earth was endowed, caused liim to presume 
that it would be possible to employ it as a conductor, which would 
enable him to dispense with one of the conducting-wires between 
the two stations. The trials that he made to test the accuracy 
of this conclusion were followed by perfect success ; and he then 
introduced into electric telegraphy one of its greatest improve- 
ments, both in regard of the economy produced by the suppres- 
sion of one of the conducting-wires, and of the facility resulting 
from it for the establishment of great telegraphic lines. 

The transmission of electricity by tlio earth had already been 
accomplished by a great number of philosophers, but M. Steinheil 
waa the first who proved the fact for voltaic electricity, and with 
the view of its application to telegraphy. The conductor of the 
telegraph constnicted at Slunich in 1837 consisted of a copper 
wire, terminated at its extremities by two plates of copper 
buried in the earth ; the current traversed this dislasce with Ihe 




^jfca 



I 




THE ELECTfilC XELEGBAPII. 

gn-aier facility in proportion as the surface of tlic buried plnlai 
wus inereaai-ii. Mr. Alexander Biiin, of Edinburgh, in 1842 
mode n great number of experiments upon tlie ronductibility (^ 
thi! ground, diietly with a view to employing tbe eanh as a moiqj 
conduction inler;)aAcd between the zinc and copper plates of | 
puir; he satJstied himself that n tolerably strong and very coni 
etanl current was thus obtained. Air. Bain aAerwords succeeded 
in ctn|)loying this curront in order to make electric clocks ga 
il. tiauss had before tliis observed tbc appearance of nn electric 
current in a wire placed in communication with tbe ground bj 
large metal surfaces tixed at ita eslremilies. Mr. Wlieatstont 
made also, at very nearly tlie same period, a great number ol 
experiments upon the sanie subject, by studying the projiagatiM 
of tlic current through the water of the Thames. The philoeO) 
pher who first contributed liy hia labors, as ingenious as thej 
were |)ergevering, to give to electric telegraphy its present pra<> 
tical character, is without doubt Mr. Wheatstonc. This illus> 
trious philosopher was led to this result by tlic researches thai 
be had made in 1834 upon the velocity of eleclridly, — r& 
searches in wMch he had employed insulated wires of Bevem] 
miles in length, and which had demon?lmted to him the po» 
aihilily of making voltaic and mugneto-oleclric currents past 
through circuits of this length. In 1837, in the month of June, 
Mr. AVheatstone look out his first patent. lie first employed 
five conducting- wires between two distant Etttlions, acting upon 
live magnetized needles, the movements of which, being cotoi 
bined two and two, enabled him tu produce several different 
signs. Sir. Wheatstone at this time entered into partneishii 
with Mr. Cooke, who had likewise devised an ingenious tel& 
graphic apparatus founded upon the Eame principles. The 
English philosophers, from the very first, had added to the 
telegraph, projicrly so called, an apparatus intended to call llid 
of the observers, and designated by the name of ala- 
is a bell that sounds under a luunraer, the detent ol 
which is suddenly released by the action of a temjtorary mag- 
net of soft iron, upon which the electric current is made to act. 
Here the current no longer acts in on immediate manner in ordei 
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lo produce the motion, but it is confined to raagnetizing by its 
passage a piece of soft iron; tliis temporary miignct atliitcta 
another Bmall piece of soft iron, which prevented tlic aclioa 
of a permanent spring ; tliu sc)i[>enient thus becomes free, and a 
dock movement cause* tlie hammer to move which strikes the 
belL Great Bervice lias betn likewi^ derived from this very 
ingenious process for telegraphy iiself. The principle u])on 
vrhicb it is founded includes an immense number of upplica- 
liooa, for it enables man lo put in action at any distnnce wluit- 
ever all the forces of mechanics, inslanlaneously. Indeed, more 
recently Mr. Whcatstono a|>plied it to the construcljon of hia 
dial tel^rapb ; and it is the eamo principle which serves as 
the basis of Morse's telegraph, invented at nearly the same 
period. 

Before passing on to the detailed study of Qume telegraphs, the 
merits of which have been sanctioned by pnictiee, and which are 
universally adopted, we will just refer lo the electro-physiologicul 
telegraph of JL Vorselraann de Heer, founded upon tlio em- 
ployment of the shocks which the passage of the current brings 
about in one or other of the ten fingers of an observer. The 
latter, at a given signal, must place the fingers of both his hands 
upon the ten keys of a finger-board, which, by means of ten 
wires, communicate with the keys of another finger-boiird, upon 
which a second observer makes his fingers to act. The ob- 
server who transmits the signals takes the precaution of pro- 
tecting his fingers with gloves, in order not to receive the shiH'k, 
which is to bo detected only by the other observer. The advan- 
l.igc of this system is to require the employment merely uf fine 
wires ; but ten are necessary, which ia a groat inconvenience. 
There is also another disadvantage, which ia that the force of the 
current employed for iransmitdng the signals must necessarily 
vary with the sensibility of the observer who receives Ihem. 

Vf6 are now about to pass on to the examinnlion of the prin- 
cipal electric telcgmpliN, dwelling upon tliusc only wliich are now 
in use upon the principal telegraphic lines. We have previously 
remarked, that in every telegraphic system there are three ilis- 
linct parts : the apparatus intended for transmitting and ri'gis- 
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iring the tluspatcbes, or the (cipgraptuc insInimenM ; ihe 
uluclurs inLcndcd for e^inblisliiii^ tlio desired communi cut ions 
1 tlio Irammining nnd receiVi'n^ appor&lua ; and, tltiaU^, 

batteries which produce the elt-ciricity, which are olmoat cs- 

[isivel^ vuitaic piles, but in »omo cases magucto-electric ioduc- 

n-tniichine», uAer the msaaer of tboM of Clarke, which we 

3 described in ibe Finit Part (page 48). We shall not dwelt 

I this mutter here, but conRne oursclres to mentioning, in 

~ reference to each telegraphic system that we ohall be called 

upon to describe, what the apparatus ia that produces thu elec- 

tricit)' employed to set it in action. 

There are three grand divisions into which the manifcstnlions 
of the eleelric current maj- be separated, each of which gives 
us several different luethod^ of telegraphing ; namely, the eleetro- 
magneiie, llic elect ro-lhemial, and the electrodicinicaL 

Upon the lirst of these th re o divisions — the clcutro-magni^tic — 
are based the Morse, House, Huglies, Combination, nnd all dial 
and printing ttystems. ITjKin the second, that of Hornet igniting 
telegraph ; and upon tlie third. Bain's chemical. 

The needle telegraph, so extensively tuietl in Great Briiain, is 
founded upon the deviating action exercised by the curreut upon 
the inagnetiised needle. 

Although alt ^sterns of the electric tclcgmph which have Ijeen 
put in euccesiiful operation belong to one of the three grand di- 
visions of magnetic, thermal, or chemical, yet they are subdivided 
by the several di^tinet principles upon which they work into the 
timing, for the Itlorse ; tlie step-by-step printing, for the llotiae, 
and the several dial instruments, which wtU bo described bere- 
ul'tcr ; and the syuchrunous printing, for tlie llughes and Com- 
biiiiuioil. 

As the Morse system is after Steinheil's, the firel rtevrding 
lelegnijih invented, and is nt the present time Ihe must exten- 
sively used in llib country and tliruughoul the world, it sliould of 
eour>«e be the first to claim our attention in an article treating 
upon the history and prugre<d of the invention. 

There has been much controvert, for many years past, be- 
tween men of science aud other:, upoD the question whether I'ro- 
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feasor Mnrse is entitled to the credit of originating and perfecting 
the inetrtiuient which betir^ hia name. It seems U> he generally 
conceded tliat Dr. Charles T. Jackeon, of Boston, gave Pro- 
fessor Morse the first ideas respecting an eluclric telegraph, dur- 
ing a voyage at sea in the packet-ship Sully, in 1832. Nothing 
practical resulted, however, from Professor Morsi;a experiuieuis 
until 1837 ; and it was not until Daniell's and Grove's butteries 
were perfeelwl, in 1843, that sufficient galvanic forte could he 
obtained to work the lelegraph lo any distance. 

Although there ia in Morse's system very little which can 
really lie justly claimed as invented by him, yet he has the merit 
of having, by inflexible perseverance, combined and improved 
U]>on ihe invention of others to such a degree that, in 1637, out 
of upwards of eixty competitor)) in the disco^'ery of ihe electric 
telegraph, Le seems lo have reached the most desiruhle resolt 
for public and private use. And it ia certain tliat, whalcrer 
opinion may be formed in this country respecting the merits 
of the several rival inventions which have been brought before 
• [he public witliin the past twelve years, there has certainly 
be^n nothing invented in Europe to equal the Moi^ system, 
either in simplicity, rapidity, or reliability. To verify this asser- 
tion, we will simply mention the fact that the Morse instrument 
has superseded all others in France, Germany, Denmark, Swedco, 
Turkey, Russia, aod to n great extent in Englmid. ll is abo 
used exclusively in Australia, India, South America, California, 
Canada, and all the British Frovinees ; and has recently been 
introduced into the royal palace of the Emperor of Japan. It 
may, therefore, justly claim to be considered Ibe unlversfal lele- 
gmpbic system of the world. _ 

Electricity exercises tlie power of altraLlion and repulsi 

Produces a spark. 

Gives a shock. 

Charges a Leyden jar. 

Has a healing power. 

Produces chemical decoraposilioti. 

Deflects a magnetic needle. 

Produces magnetism. 
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By tii.<iirly all of thcw manifestations of llic itnjio rule ruble lluiti 
' it is possible to coii:<trucl un eki^lric telegruph. 

ThuB, in 1816, lionaliJii cuiiatniclei], at Ilannnergniilh, in Eng* 
and, a li'legrapb, wLitli iletn'iniyil for jti action u|)on the defloc- 
[ lion of a pilli-ball by tlio elLinric disfliarge. 

Lesage, in 1774, eni|j|oye<l a pith-ball electrometer, as the 
Imsvi of liis telegraph. 

Lomond, in 1787, employed a pith-ball electrometer as a re- 
ceiver for his eyelcm of dei^tric lelegrapli. 

lietancourl, in 1787, used u battery of Leyden jars. 
Beizcn, in 1794, employed llie power of iho electric current to 
' produce sparks by which the letters of (ho alphabet, cut upon ti»- 
bil, were rendereil visible. 
Cavallo, in 179o, used ihc number of sparks to designate Uie 
■ various signals, aiid the explosion of gas for un alarum. 

Soemmering employed, in 1809, tlie electric current to decom- 
pose water, by which letters were designated. 

~)r. Cone, in 1810, proposed both tlie decomiNjsitlon of water 
I end of metallic salts. 

Ampere, in 1820, employed the magnetic needle, the deflec- 
tions of which by the elcetrie current indicated leliers. lie 
proposed to hoTe, at every station from which intelligence was 
to be sent, a galvanic battery, with all necessary keys for put- 
ting the baliery in communication with the wires, and to have 
' at the points where intelligence was to be received as many 
tungnetic needles as there were letters required to be denoted. 
£oeh letter was placed upon a diftcrent needle, and the nec- 
) ilea were surrounded with coils of wire in metallic commnni- 
nn with the wires extending between the stations. It is 
I evident, theretbre, that upon the transmission of a current of 
I electricity through any one of these coils, the needle would move, 
[ and with it the letter, and thus letter after letter would he dc> 
y noteiL 

D,^1u-, in 1827, used Utmus-paper, which was decomposed by 
I electric sparks. 

Schilling, iu 1833, employed the deflective power of tbe cnr- 
I Kilt u[ton imigUL-tic needles. 
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Giiu^ ami Weber, in 1833, used magnelo-electriciiy lo ilcllect 
a needle. 

Vorselmann de Ileer coDstrucled an electro-phyBiologicd Icl- 
cgrapli, founded upon the employment of the shcMiks wliicL the 
passage of the current bnngs about in the fingers of an ob- 
server, 

Steinheil, in 1837, invented an electric telegraph, uaing but 
one wire, and one or two magnetic neetUes. 

Mastmn's lelegrnph, invented in 1837, employed magnclo-elcc- 
tricity in conjunction with mi^eiic needles. 

Murse'e Itdegraph, invented in 1837, mokes use of the direct 
magnetic effects of the electric current 

Bain's telegraph, invented in 1840, uses the electro-chemical 
effects of the current. 

Horn's telegraph uses the clectio-tbermal, or beating power of 
the current. 

Thus, we perceive, eight sepanile and distinct manifestations 
of the effects of the electric fluid have been made use of in con- 
structing electric telegraphs. We shall see, however, in the euc- 
oeeding chapters, that only two of these, namely, the deviating 
influence exercised by the electric current upon a magnetized 
nee<llc, and the cleclro-magnetie influence exercised upon soil 
iron, are used to any extent in any part of the world at the pres* 
ent time. The electro-chemicij telegmpb has been extensively 
used in this country, ami competed successfully with the magnetic 
for several years, but it has been withdrawn in consequence of 
the consolidation of the rival companies. 

The electric telegraph is the most wonderful application of that 
science by which man is grudually extending his control over 
nature. Electricity is a very familiar agent, — in the lightning, 
in the hair of animals, in the crackling of silk. It is also, where 
unseen, a central power, endowing matter with a largo proportion 
of iU chemical and mechanical properties. Electricity is also 
itself capable of assuming a variety of forms, as in the electrical 
machine, the galvanic battery, and the electro-magnet. 

The telegraph is made possible by three remarkable propcrliu j 
or laws of elect ricily, viz. ; — ■ 
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TlrEf. Electricity aeeka alwnys an equiiibriuni in its distribu- 
tion llirougli matter. If there is an excess in one place, it ulways 
eeeks to transfer itself to oilier plates, where there is less, or a 
ddicieney. 

Second. The production of electricity, from wlialever source, 
is always Iwofoid, or in two directions, one surface or part of our 
apparatus becoming Hv/ayi positive, while another becomes w^o- 
tiee ; thus suggesting the idea of a gain on one siije, and loss on 
the other, of a corresimndiug amount of electricity, — in other 
words, of a ditturbance of equilibrium. Thus the rubber and 
prime conductor of the electrical machine, the platina and zinc 
phiies of the battery, and the antimony and hismuili of the 
thermo-electric pair, become respectively electro-posiiive and 
electro-negative, as the first condition and fact of electrical ex- 
citement. 

Third. Different substances have very different eooducting 
powers for electricity, some permitting its passage with slight 
resistance, while others, called intidatort, completely bar its 
progress. The effect of this law, apphed to the preceding ones, 
is to make it [Hissible to insulate electricity in our apparatus in its 
two opposite conditions of positive and negative ; when, by its 
tendency to equilibrium, a current, according to our common 
modes of cx])rc^ton, will pass from the positively excited body 
to the negatively excited body, by means of any conductor, as, for 
example, the telegraph wire, which we may please to interpose 
between the two. 

The practical utility of the telegraph will depend upon the 
comi>lelencs3 of the insulation and tlie conduction in diflerent 
parts of the apparatus, upon ibe quantity, force, and rale of travel 
of the electricity employed, and the raeana which we have of 
observing and registering its [rassage. 

The Leyden jar illustrates well the possible extremes of con- 
duction and insulation which we may employ. It consists of 
gloss, perhaps nut more timn a sixtcenlli of an inch thick, which 
is coated on the outside and inside with tin-foil. When charged, 
these coalings become excited — one electro-positive, the other 
electro-negative — to an intense degree. If a conductor, of a 
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length almost williout limit, be tnaile lo iorm a fircuil connecting 
iUhsi', the L'lectriuity will traverse ita wliolo extent, mther tlian 
crusj (lie etiglit barrier inteqxtsed by the lliickness of the glass. 

In the gulvaiiii: balli-ry we hftve the same contrast between 
ingulalion aiid conduction in a lesa degree. A jiltilina plnte may 
be placed at half an inch di^lance from a zinc pl&te, in an ai^id 
or saline solution; and jet the current excited will traverse a 
metallic conductor of ImnJrcds of miles, disposed in a circuit so 
as lo connect the plates, rulher than cross the solution of only 
half an inch which intervenes. In this ctise, however, tlie ob- 
slncle to the paasniie of the eleclrJcily is not only, or chiefly, the 
b(ul conducting power of the solution compared with that of the 
wire, but an electrical relation of the li<iuid lo the plates, which 
u the original occasion of the current, and which resists il8 pas- 
sage in the opposite direction to that originally Iniposcil upon it. 
Indeed, tlio energy of the current which flows through the long 
conduclor is increased, rulher than diminished, by approximating 
the plalei until ihey are separated only by a slight film of fluid. 
A saline Nflution is a much better conduclor for electricity than 
water ; but a recent estimate of the conducting power of pure 
water, compared with an equal area of copper wire for galvanic 
electricity, pbces it at the enormous disproportion of one to a 
uilUon. 

Electricity from different fources is chnraclerized by pecu- 
liarities which aflect nialerially ils applicalion lo ihe telegraph. 
The electricity from the common machine, by which the I.eyden 
jar is diai'ged. is catted free electriciiy. and is in the same condi- 
tion as lightning. It la aecumulaled only on the turf<wt of insu- 
lated bodies ; its tension is so great that it will pass off lo a neigh- 
boring conduclor ihrougli a considerable interval of air, thus 
producing ibe [ibenonienoa of llio «parl(; the quantity of its 
current is so small as lo produce comparatively slight eheminil 
or mechanical clTecifl ; it is insulated wiih difficuliy, and comlucted 
by a melal with hardly appreciable loss. In the galvanic bat- 
tery, on the other hand, llie current is conducted by tlie whole 
mass of the conducting material or wire ; ila tension, pr force, 
may be so low as lo be rcsislcd and rapidly overcome by the bust 
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eoiiiliictorg, while it U insulalml hj almoA all iioti-meUillic si 
Blancea in the solid state, such a» wood. Muauwliile, iu quatu 
is »o great as to t)0 capable of producing tliu moat powerful t 
t'luuiical mill tliemical effucL*. As will be mejitioiHjil liereufter, 
means exist of inullipljing lu a eurlaia extent tbe intunsitj o 
force of ihe dinglo galvanic pair, bj wliioJi it tiucomes tlic most 
eflicient means of exdung ekulrii'iiy fur Ilie purposes of tbs 
lelcgmph. 

Another condition of the practical usefiilnesss of the lelc^^rapfe. 
is the rate of travel of cleclricify, which, on examination, pravea 
to be an almost instantaneous transfer of influence. Thus, Wheal* 
stone determined the rale of free electricity to be S88/JO0 niilM 
a second. This would require abont »ix minutes to iravcrse tb* 
space between the earlh and the sun, or a somewhat shorter pe^ 
rjod than that required by light to perform the same joumfj. 
may be observed here, that in Ihe InmsmiMion of messages wM 
ore apt to consider the distance traversed by electricity as I 
existing between the two elntions of the telegraph, whereas it il 
double that distance ; a ci'rcwiV, as it is technically called, bein^ 
always necessary, — two conductors being required, one upaa,^ 
which the electricity goea out, the other w|)on whiuh it returns. 

The mode by which the rale of motion of electricity wiw obtained 
by Whealatone is so curious, thai it deserves to be descrilved. Its 
caused ihe electricity from the c«mman machine to pass ihrau^ 
a long coil of insulated wire, in which, were two or more breaJti; 
across which sparks must necessarily pass. A mirror was madr 
lo revolve with immense mpidity before ibis coiL The reflectioA' 
of the sparka was thus thrown occasionally, when ihc mirror wa<< 
in Ihe right position, upon a canopy above, graduated in eijual' 
divisions. Tlie reflection of one of the sparits was found always 
to lug behind the other, on account of the lime occupied by iho 
eteetririty in passing through the intervening portiou of the cml, 
the effect of which was muhipliec] by Ihe revolving mirror. Th» 
length of the coil between the brenks and the rate of rcvnluiioB 
of the mirror being known, and the dislanco of the rctlecMtl 
sparks from each other lieing observed, the rate of motion of iIm 
clectriftty wos easily calculated. 
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■- It vill be observed tliat this dclcrminalion, applies only lo free 
electricity. The eleclricily of the galvanic battery, whicb in- 
volves in its ])agsage a change or vibraliou in all the particles of 
tUe conductor, may easily have a difitircnt rat^ and in the course 
of tiie brilliant experiments uf the United Slates Coast Survey 
of the last two years it has been found tliat in reulity its velocity 
is much less. It is stated by Air. Scars C. TTalker that the rate 
of galvanic electricity, obtained by simultaneous observations at 
New York and Philadelphia, with the astronomical elock, in 
connection with the telegraph, and subsequently on Ibe line be- 
tween Washington mid St. Louis, is approximately 18,700 miles 
in a second. It would, therefore, require one and one iliird 
seconds for the gnlvunic current to Iroverae a wire extending 
round the carih. In our ordinary telegraphic eominunications, 
tie time occupied by the passage of the current would be wholly 
imperceptible, ' 

The general principles on which the electric telegraph depends 
have thus been considered. They involve no new facts or dis- 
coveries in science. Not only so, but, as will bo seen in tracing 
its history, the idea of the telegraph was deduced from iheao 
principles at n very early period, and a conclusive experiment 
was tried before the close of the last century. The improve- 
ment which has been made by modem science, by wliieh llie 
telegraph has become more extensively useful and applicable, 
has been the indicating or registering apparatus, by which the 
passage of the electricity at the disttuit elation is noted. 

It is evident that the power of sending a current of electricity 
through a wire of a hundred miles in length, however surprising, 
could be of no practical use unless the means existed of observ- 
ing the passage of the current in distant parts of the circuit. 
Several of the reactions of electricity havo been employed for 
this purpose, which will be deserilied hereafter in detail. The 
decomposition of water into its constituent gases by the passage 
of electricity ; the decomposition of saline solutions in the same 
manner, giving rise lo a change of color; the passage of the 
spark across a short interval made in the circuit ; the deflection of 
the needle by the passage of a current of eiectriciQr in ita nei^j| 




borhood; the charging of an clcctro-magnct, or the influt 
exerieil on n Lur of iron in the nib of n coil, hy which mechan- 
iml motion is produced, have been severally rc.wrtcil to. 

The mode of transmitting iatcUigible signals by this agency 
haa always consisted in sending either a succession of instanta- 
neous elertrieal impulses, or a current prolonged for some in- 
stant*, measured by its vflects or by its duration. A combination 
of these signals, according to previous airangemenl, may be 
made to indicate all the letters of the alphabcr, or even, by an 
ingenious contrivance, with only a single circuit, to print each 
letter separately. 

To produce the effects by which the telegraphic messages are 
expressed, it is necessary thai the electric current shall have a 
certiun intensity. Now, the intensity of the current transmitted 
by a given voltaic battery along a given line of wire will de- 
crease, other ihiogs being the same, in tlie same proportion as the 
length of the wire increases. Thus, if the wire be continued for 
ten miles, the current will have twice the intensity which it would 
have if the wire hod been extended to a distance of twenty miles. 
It is evident, therefore, that the wire may be continued to such a 
length that the current will no longer have sufficient intensity lo 
produce at the station to which the despatch is transmitted (hose 
effects by which the language of the despatch is eignilicd. The 
intensity of the current Inuismilled by a given voltaic battery 
upon a wire of given length will be increased in the same pro- 
portion as the area of the section of the wire is augmented. 
Thus, if the diameter of the wire be doubled, the area of its sec- 
tion being increased in a fourfold proportion, the intensity of the 
current transmitted along the wire will bo increased in the same 
ratio. The intensity of the current may also be augmented by 
increasing the number of pairs of the generating plates or cylin''- 
dera composing the galvanic battery. 

Since it has been found most convenient generally to use iran 
as the material for the conducting- wires, it is of no practical im- 
portance to take into atcount the influence which the rjunlity of 
the mclal may produce upon the intensity of the current. Other 
things being the same, the intensity of (he current will be in the 
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proportion of the conducting power of the metal of which the 
wire is formed. Copper is the best conductor of the mctab, it 
being seven times better tlmn iron ; but, as explained above, the 
conducting power of the metal being increased in the same pro- 
portion as the area of the section of the wire i^ augmented, it 
becomes perfectly easy, by increasing the size of the iron wire, 
to obtain us good a conductor as is required- 

AI. I'oiiillet found, by well-conducted experiments, that the cur- 
rent supplied hy a voltaic battery of ten paii^ of plates, trana- 
mittcd upon a copper wire having a diameter of four tliousandths 
of an inch, and a length of six tcoths of a mile, was sufficiently 
intense for all the common telegraphic purposes. Now, if we 
suppose that the wire, instead of being four thousandths of an inch 
in diameter, has a diameter of a quarter of an inch, ii.t diameter 
being greater in the ratio of 62^ to 1, its section will be greater 
in tlie ratio of nearly 4,009 to 1, and it will consequently carry a 
current of equal intensity over a length of wire 4,000 times 
greater, that is, over 2,400 miles of wire. 

But in practice it is needless lo push the powers of transmission 
to any such extreme limits. To reinforce and maintain the in- 
tensity of the current, it is only necessary to establish at conven- 
ient intervals along the line of wires intermediate batteries, by 
which fresh supplies of the electric fluid shall be produced ; and 
this may in all cases be easily accomplished, the intermediate 
telegraphic stations being at distances one from another much less 
than the limit whicli would injuriously impair the intensity of the 

Having thus expliuned the means by which an electric current 
can be conducted from any one place upon the earth's surface 
to any other, no matter what the distance between them, and how 
all the necessary or desired intensity may be imparted to it, we 
shall now proceed to explain the expedients by which such a 
current may enable a person at one place to convey instantane- 
ously lo another place, no matter how distant, signs serving the 
purpose of written language, and even language printed in legible 
Roman lettei^ ! 

It may be briefly stated, that the production of such signs de- 
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peiiO^ on l)ie power of the agent transmittiDg the current 
lrati.''mil, suspend, intermit, divert, and reverse it at pleasure. 
Tlicde clianges ia the state of the current lake plnce, fur all prac- 
tical purpo^g, siraultaneously upon all ports of tlie conducting- 
wlrc, to whatever dii^lance that wire ma^ extend ; for although 
strietly speaking there is an interval depending on llie time which 
tlie current lakes to pass from one point to another, tliat interval 
Ciiiinot in any ea^c exceed a small fraction of n second. 

Although there is some discordance in the results of experi- 
ments made to determine the velocity of ihe current, they all 
agree in proving it lo be prodigious. It varies according to the 
conducting power of the metal of which the wire ia composed, 
but is not dependent on the thickness of the wire. On copper 
wire, its velocity, according to Professor Wheatstone's experi- 
ments. Is 288,000 miles, and according to MM. Figeau and Gonelle, 
1 1 2,680 miles per second. On the iron wire, used for telegraphic 
purposes, its velocity ia 62,000 miles per second, according lo 
Figeau and Gonelle ; 28,500, according lo Professor Mitchell of 
Cincinnati ; and about 16,000, according to Professor Walker of 
the United States Coast Survey. It is therefore evident that the 
interval which must elapse between the production of any ctiange 
in the state of the current at one telegraphic station and llie pro- 
duction of the same change at any other, however distant, cannot 
exceed a very minute portion of a eecond ; and since tlie trans- 
missioQ of signals depends exclusively on the production of such 
changes, it follows that each transmission must be practically 
instantaneous. 

We wiU here say a few words upon the important part played 
by the earth when it is employed as a conductor in the operations 
of electric telegraphy. We have already seen that the idea of 
employing the earth as a coiidoctor between two telegraphic uta- 
tions, realized for the first time by Sieinheil, had penniltc^I the 
suppression of one of the con ducting- wires, and tlius the reali- 
zation of great economy and (simplicity in practice. It was at 
first supposed that the ground played the same part as the con- 
ductor for which it was substituted, and that there was established 
between the two poles of the battery placed i 
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with the earth, even when they were at a groat diatatite apart, 
a veritable electric current, transmitted through all llie interposed 
conducting matters, and which the earth always contains in greater 
or less projxirtion. The terrestrial globe cannot be considered 
as being in i(« nature so perfect a conductor as a metal ; but its 
bad coniluclibility is found to be more than compensated by the 
immensity of its section. We may therefore consider the earth 
as presenting a null resigtance to conductibilily. MM. linsguct 
and Matteucci, by various exjicriments, found that where llie cur- 
rent went by the copper wire from Pisa to Pontederu, and re- 
turned by the earth, its intensity was the same as when the twa 
polea of the battery were immediately united by a single copper 
wire as long as that by which the two stations were connected. 
This experiment, and a great number of oilier similar ones, enable 
US, therefore, to admit that the resistance of the earth to electric 
conductibility is null. 

Electric currents, we must admit, are able to cross each other 
in all directions, and at every instant, without afieetiug each 
other; and we must sup|>ose that, between two stations very 
far apart, such as New York and Buffalo, there is a series of de- 
comjioaitions and recom[M>sitions of all the interposed molecules 
of water ; and that the positive eleetriciiy, for example, that 
is introduced into the ground at New York oamiot be neutral- 
ized except by the negative arising from ihe same battery, but 
brought by the telegraph wire into the ground at Buffalo ; a neu- 
tralization going on from molecule to tnolecule through all the eon- 
ducting sections that are found in the terresti'iaJ globe between these 
two stations, tt is likewise necessary to admit, when the positive 
and negative poles of several batteries are plunged at the some 
time in the ground at great distances from each otiier, that the 
positive electricity of each pole, in order to become neutralized, 
seeks for the negative electricity of the pole belonging lo the 
same buttery, even though this pole might be much more distant 
than the negative of another battery. This hypothesis of the 
predisposition of the two electricities to neutralize each other 
only when they arise from the same source, appears to us equally 
contrary to logic and to observation. 
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Wc must ihereforc have recourse lo another explanation of the ' 
pun playeil by the earth in ilie phenomena of electric conilui;!!- 
bilily, — nn explanation which Hows very naiurnliy from ihe fact 
observed by Faraday and Wheatstone with dcclrie cables. This 
fact is that of a vast rcsurvoir, — of a speeies of ilrain, — which 
sucks up and absorbs at the iwu extremities of the wire the free 
electcidtica which the ballery, or any apiiarsius that is the gen* 
erator of electricity, sends into it. By the very fact that this 
electricity b lost or escapes, there is nn electric movemeDl, < 
Ood consequently a production of a currenL M. Magrini, in 
experiments made with long, well-insulated telegraph-wires ex- 
tending from Milan to Meozii, hud already shown that an electric 
current might be obtained in a wire of which only one of the 
ends communicated with a source of electricity, whilst the other 
remained iusulutcd. But in this mode of operating some delect 
of insulation might be feared. 'This fear disappears in the ex- 
periments of Faraday and Wheatstone. These latter very clearly 
show us that it is enough to put into communication with one of 
tlie poles of a battery the end of a conductor of very great dimen- 
sions, the other extremity of which is insnlaied, in order that this 
conductor, in becoming charged, may be Iraveraed by an electric 
current, the presence of whicli is indicated by the deviation of the 
needle of a galvanometer. The same phenomenon takes place 
with the earth, with this difference, tliul, the terrestrial globe being 
a conductor of infinite dimensions, the current is able to endure 
as lorjg as the communication of the pole with the ground takes 
place. 

M. Mnllcueei, who has greatly directed his attention lo the 
conduclibility of the earth, hnd made the curious remark, that, 
when the electrodes are plunged into the ground to a suitable 
depth, the resistance of the inteq>osed layer increases exactly with 
its length, according to the rccogniEod taw for ordinary conduc- 
lora ; there is not even any difference, when the hiyer is very 
tlnn, between its resistance and that of the same layer of cartli 
nnlained in an insulated vessel. But if the distance 
between the electrodes becomes considerable, ihc resistance of the 
terrestrial bed diminishes very rapidly ; even at the distanco of , 
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from eixly to one bunili't.-il yards, the current ceases lo iliminisl 
at gr<?aler diBlanc^i's its iutensity increases until h becomes equui 
to lliut whit^b woulil be fottnd witb tbe di'cuit entirely luetAllic. 
Tills rcuult is tilwajB Tcrified fur distances of ten or twelve miles. 
Tlie increase of tbe ciirrent witli tlio length of the terrestrial bed 
is independent of ibe nature and form of tbia bed ; it was before 
having arrived at tbe length of the bed at which the resistance 
ceases, that the iuSuence was observed of the nature and farm of 
this bed over tliis same resistance. This observation of M. Mat- 
teucci clearly shows us that the earth is able lo play two very 
different part« is the transmission of currents. It is able to dis- 
cbarge the function of an ordinary conductor when the electrodes 
are very near to each ottier, — and then the resistance which it 
o[i[X)ses to the current increases with the length of the interposed 
terrestrial bed ; but wlien the distance between llie electrodes 
attains lo a certain limited dimension, the earth acts as a res- 
ervoir which absorbs the electricities liberated at each of the 
poles ; its resistance then disappears, and the intensity of the cur- 
rent depends on nothing more than the resistance of the con- 
ducting-wire alonej — so that the intci'vention of the terrestrial 
globe presents the double advantage of permitting the economy 
of one line wire, and of rendering the current twice us strong as 
it would be were it made to return by the second suppressed 

Tbe results obtained by Matteucci in his experiments have 
been verified by our own, in a somewhat different manner. 

A telegraph line of one mile in length, extending from the 
counling-room of the Bridgewater Iron Works to the works 
themselves, furnished with a current of five Daniell's cells, 
had never worked well, — the current being always weak and 
shaky. We were finally called upon to solve the ditficully, and 
after satisfying ourselves that the connections were perfect, de- 
cided that the earth termini must be imperfect, not being of PUfB- 
cient depth to overcome resistance. We accordingly attached a 
copper wire and ran it into the canal, when the intensity of the 
current at once increased to the full amount desired. 

Subsequently, upon our exphuning to Mr. Sprague, the opera- 
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lor, the lawH of tmnRmission and reiii^tanrc, — thnt llio 
of lh(! earili was in tlie invtree ratio to the eurface of llio metal 
buriL'd, — he atlaclicd a plato of copper to tho wire and plaopil 
that ill tiie canal, when he was able to reduce the intencitj of his 
buttery one tij>li, and still have a stronger ctirrent than before. 

The difference between wliat takes plai/e when tho electrodes 
are near together, and wliat takes place when they are far ajiarl, 
may seem exirasrdinnry at the first moment ; but upon reflection 
we easily conceive that in Itie former case llio molecules inter- 
posed between the two electrodes, not being bo numcrons, may 
constitute the electric chain by the elTect of the mdtual neutrali- 
sation of their oppo)<ite elect riei ties, whieli is preceded by their 
polarization. When the electrodes are very distant, this commu- 
nication between them can no longer take place ; and they arc 
tlien didcliarged, by means of the bed with which they are in 
coniaci, into the entire mass of the terrestrial globe. 

Besidps, many other facts of a different kind demonstrate that 
it is not necessary, in order to obtain a current, to reunite the two 
contrary electricities produced by the same electrical apparatus ; 
but that it is EufUcieut that one of the two electricities bo ab- 
sorbed. Thus it is that, when the outer coating of a Leydt 
is placed in communication with tlie ground, we are able to obtua 
n discharge in the air similar tu a current, by furnishing its innerli 
coating with a point. 

The part played by the earth in the transmission of tel^ 
graphic despatches is, therefore, in aci'ordance with a Tery great 
number of phenomena of the same kind, which have demon- 
strnted to us that the proimgation of electricity, and consequently 
the production of an electrie current, may take jilace in a con- 
ducting body, as well when this body ts placed in communication 
with another, charged with an excess of one of the electricities 
only, as when it is found placed between two excesses of contrary 
electricities. 

When the tcirestrinl globe is employed for bringing about the 
circtilation of a current in an insulated conductor, one of the 
extremities of which commimieales with one of the poles of a 
battery and the other with the ground, whilst the second pole of 
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the battery also communicatea with the ground, care must be 
laken lo establish these com munieat ions well. With this view, 
Ibe con ducting- wires that go to the earth l«rminate in large 
metal plates, generally of copper, which are also buried as deep 
as ia convenient in wells, or in the most moist parts of the 
ground that can be fouod. The gaa and water pipes of towns 
are advantageously employed for obtuiniug good communication 
with the earth; and iron fi^h-jolnted rails aj-e valuable in country 
stations especially. 

Upon nearly all telegraph lines where an inlermediatfl office 
puts on a ground, — that is, puts the main wire in communication 
with the earth, without seimrating the main line, — other stations 
may, by adjusting their armaturea very closely, obtain wliat is 
being communicated upon the portion of the line intercepted by 
the ground. 

Tliis is owing to the imperfect contact between the ground 
wire and the earth, a port of the electric current passing by the 
ground-wire auffldent to work a delicate relay magnet. 
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In 1837, Prof. S. F. 
B. Morse made knowa 
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to the public his 
Ing lelegni[ih, which dual- 
ly retains his name, and 
of wliieh it appeurs that 
he had conceived the idea 
as far back as 1832. Its 
principle is verj simple. 
It requires but a single 
circuit; conse(|Lictitly but 
a single in)<ulaled wire, 
and the return by the 
earth. At the extremity 
of the circuit, where the 
despatch is to be received, 
isan electro-magnet ( Fig. 
32). the wire of which 
communicales by one of 
its extremities with the 
fpvund. and by the other 
with the insulated wire 
that serres as a conduc- 
tor 1>etweeD the two sta- 
lioos. A small sofl iron 
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bar, callod an armature, is attached to a brass lever sustained in a 
horizontal position by two pivols. The soft iron armature is 
attached to one end of ibis lever, while the other end is armed 
with a eteel point, which is called a pen. Under the point of the 
pen travels dd, with a nniform motion, a band of paper, which is 
moved by means of mechanism analogous to clock-worlt (Fig. 33). 




At the extremity of the circuit whence the despatch seta out w 
a battery, one of the poles of which communicates with the 
ground, whilst the other pole may be put at pleasure into com< 
munication with the insulated wire, by whieli tlic two stations are 
connected. If the circuit is closed — that is, whole — the arma- 
ture of the electro-magnet is attraeled, tlirougU the magnetii>m 
created in the helix by the passage of tim electric current ; and 
this attraction causes the point of the pen to loach the paper, and 
to trace upon it a line, the lengtli of which depends upon the 
duration of time in which tlie circuit remains whole. If the cir- 
cuit is opened, the current ceases to flow, the magnetism disap- 
pears ioslonlly, and a spring atlachetl to the lever draws ii away 
from the paper, and the line ceases. If the circuit is opened and 
closed rapidly, there are produced upon the paper simple dots, 
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tho number of which depends upon the number ot times tbat the 
circuit is iDierrupted and eatablislied. The blank iipacc hy which 
rhc points and iho lines are sepamted is greater in proportion as 
the circuit remains open for a longer lime. We therefore see 
Ihat wo may nt pleasure, by acling at one of llie Elaiions, trace 
upon the paper which is unrolled at the other, a succession of 
points or lines, Beparated by blank intervals, which may be com- 
bined in very various manners, in order to give rise to signs cor- 
responding to the different letters of the alphabet, and to the 
various figures of arithmetic The complete registering instm- 
ment is shown in Fig. 34. Here we have a spool, on which 




Hg.M. 
the strip of paper is wound, and clock-work, with rollers, whi 
give tlie tirip a steady motion onwards under the pen upon the* 
lever of the electro- magnet. 

The recording apparatus depends upon the combination of 
iwo essentially did'erent parts ; one consists of a lever, which, 
when it is lowered, presses upon a sheet of paper a Blecl point 
(Fig. S5) with whicli it is furnished. This lever is depressed by 
means of the electro-magnet, which attracts the armnlnre fised 10 
the levers; every time that the current passes in the wire of 
the elect ro-mngncl, the armnlnre draws the lever to which it 'u 
fixed, and thus produce* the pressure of die point against the 
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paper. A Bcrew under the ead of ihe lever projecting beyond 
the electro-magnet serves to limit the play of the t 




a helical spring attached to the tinder side of the lever compelB 
it, by its elasticity, to separate itself from the electro-mngnct, 
when the current ceases lo acl, which causes the point no longer 
lo prc_-.-. Tiie other pnrt of llic ii|']i^ralii- i- iiilomKM U. o:Lnse a 




long band of paper to pass uni3er the point with a uniform 
locity, which paper is rolled upon a cylinder (Fig. 36), or, e 



THE MORSE SYSTEM. 



77 



generally ihe case in the Iclegrnph offices, it is put into a long 
narrow box, and aller passing ilirough ttie instrument, or register, 
posses into a similar box, which, when full, is transferred lo the 
place occupied by the flrnt box, and is run through the register 
agaiD. By means of an adjustable slide, attached to the feeding 
rcillera, which serve to draw the paper along, the paper can be 
moved at pleasure lo either side of the rollers, ttius admitting of 
its being used many times. In fact, it is not unfrequenily the 
case that the same roll of paper is made to pass through the 
register as many as twenty times, thus making a large saving, in 
the coaise of the year, in tlie matter of paper. Two springs 
retain the upper cylinder pressed aguiust the lower cylinder, 
which is set in motion by a clock-movement, by means of a 
weight, for which, in some cases, on ordinary spring has been 
subsiituted with advantage. The paper is drawn on between the 
two eylindcK by the motion of the lower cylinder, and thug 
passes under the point. In order that this point may leave a 
proper mark upon the paper, one of the rollers is grooved, lo cor- 
respond with the sleel [M>int ; therefore, when the lever is at- 
tracted by iho electro-magnet, the pen, reaching the paper, 
presses It against the groove, which produces a distinct mark. 
If the pen presses upon the pai>er for a short time only, it pro- 
duces a dot merely ; if it acts for a longer time, it makes a dash ; 
it is able therefore to mark dots and dashes, which, as we have 
said, is sufficient for forming a complete alphabet. 



The transmitting npparati 
aleverandanvil(Fig.37), 
designed simply for the 
more ea^y opening and clos- 
ing the circuit than could 
be done by holding the ends 
of a wire in the hand, which, 
however, is often reso 
lo when despatches are sent 
fSjm places where there 
happens to be no appara- 
tus. Fig. 36 represents a signal key, ; 



very simple contrivance pf^ 




ng SI- 
1 usually used upon the 
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lines in Uiis countrj. It consists of a lever mounted on a bori* 
zonlal axis, with a knob of ivor^ for the hand at iLe extremitjr of 
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the long ann, which is at the left in the cut. This lever is 
thrown up by a. spring, so as to avoid conlact with llie bullon on 
the fnirac below, except when the lever is depressed for the pur- 
pose of completing the circuit. A regulating screw ia seen at 




the extremity of the short ami of the lever (Fig. 30) which 
graduates precisely the amount of motion of which it is at any 
time rapable. 

TVe arc ihus able, by resting with the finger upon the ivory 
knob, lo close or break the circuit at pleasure; if the contact 
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between the hammer aod the aiiTil is produced for a very short 
time only, the current will pasa in itie circuit only during this 
instant; ly maintaining it, upon Iho contrary, for a longer time, 
the current will bo able to pass during the whole time in the 
telegraphic wire. 

Where a long circuit is used, the resistance to conduction, 
measured by the amount of electricity which passes, is very great, 
Tlie diminution of the current is most sensible when icaied 
through tlie first few miles of wire, the amount which subse- 
quenily passes appearing nearly constant for a long distance. It 
is not, however, suffident, in its electn>-magnetie effects, to work 
one of Morse's registers directly. The current, which has trav- 
ersed a great length of wire, can only move the lever of the elee- 
tro-magnet sullicienlly to bring a platina point in contact with a 
little platina disc placed opposite to it, so as to complete the cir- 
cuit of a local battery, which works the register with enei^'. 
This is the principle of cinnhtnatioH of circuili, and constitutes 
the important invention of the reeeiving ma/ftiet and relay or local 
battery, as tbey are famihurly known in connection with Morse's 
telegrapL 

The effect of the combination of circuits is lo enable a weak or 
eichaustcd current to bring into action and substitute for itself a 
fresh and powerful one. This is an essential condition to obtain- 
ing useful mechanical results from electricity itself, where a long 
drcuit of conductors is used, and accordingly it received the 
attention of early experimenters with the telegraph. This prin- 
ciple seems to have been first successfully applied by Professor 
Joseph Henry, of tlie Smithsonian Institution, in the latter part 
of ItlSS. He was thus enabled to ring large bells at a distance, 
by means of a combined telegraphic and local circuit. In the 
early part of 1837, IVheatstone, in England,* used a combining 
instrument, which consisted of a magnetic needle, so arranged as 
to dip an arch of wire into two mercury cups, when deflected by 
a feeble current, thus completing the circuit of a local battery, 
which struck a signal-bell. Davy patented in England, in 1838, 
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a sjElem of romliined circuits, fur four different purposes con- 
neLled with hid tcli;grii|)li. He brought into action a local circuit, 




lat, lo diKolor or dye, by electro-decomposition, the calico on 
which he registered hia signsj 2d, to actuate an electro-magnet. 



i 



THE MOKSK SYSTEM. 

regnlating the molion of the culieo ; 3d, to direct ihc long or tele- 
gra|iliic ciivuit lo either of two bnuichei<, by means of a receiving 
iiislrumeiit [ilupeil Ht tbeir point of meeting, anil operated upon 
from & disliuice ; 4tli, be provided for a complete system of relays 
of long circuila. Hia inslrument resembled Whealslone's, only 
tlie conljict wild luuJe by two aurfut^i^s of meial, n'itUout the luo 
of mercury. 

The receiving magnet (Fig. 40) used by Professor Alorse la a 
lery slight modiflcution of his register, the platina point for com- 
pleting the local circuit being substituted for the marking point. 
Tlie m^nct ia eurrounded with helices of fine wire, which mul- 
tiply die eflecls of the feeble current, and the whole inntrument 
ix constructed with delicacy. By Slorse'a patent of 1840, this is 
applied to the combination of long drcuitfi, or the relag of cur- 
rents ; and by his patent of I8H!, it is applied to o|ierating the 
register by a local or office circuit. The electro-magnet, ai'miiture, 
and lever, consliliUing the chief part of both these instruments, 
is simply the eleclro-mognet of Professor Heoiy, described by 
him in 1831. 

The relay is a rery essential apparatus in Morse'a telegraphic 
gyslem, and is also applied to many other purposes of a similar 
kind. The object of the relay ib, when the current of a battery 
transmitted to n great distance by a lelegniphic wire is loo feeble 
to cause the ret^ejving apiHiratus to act in a direct manner, to 
employ this current to cause the more powerful current of a local 
battery to act upon the apiiaratus, — ^^a function which reijuires but 
very little force in the currcnL Now the receiver in the Morse 
lelegmph requires, in order to its acting, a very energetic cur- 
rent, and at least the employment of ^fry powerful batteries, 
which would be very expensive, and frequently very troublesome ; 
it cannot be mnde to act by a current transmitted from one station 
lo Ihc other. Recourse is therefore had to the relay (Fig- 41), 
which consists of on electro-magnet, the wire of which is placed 
by the extremities in communicaiion with ihc telegraphic line ; 
so tliat this electro-magnet operates under the action of the cur- 
rent transmitted from one station to the other. The sol\ iron 
armature is atloehcd la a lever movable around the axis ; tlio 
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extremity is moved between two screws, one of which is ter 
OKted by an ivory point, and the other, entirely metallic, oomi 




conduclor i 



Si by means of ft melal column and ii wire conduci 
«!<; of a I'Ji'iil balltry ; the olher pole of lliis balliiry 
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I nicaies, by the intervention of the wire of the eleclro-magnct of 

I tlie regiatcring apparatus ami of tbe spring, with the metal lever. 

1 When llie lelographii; art- uit ia o^iened, the eleclro-magnel does not 
act, Bnd the estreniiiy of the lever rests against the ivorj" point 

' by the effect of ilie spring ; but if the ciruuit is closed at the de- 
parting station the armature of tlie relay is attracted, toudies the 

I metal point, and, the circuit of the loail battery being closed, thu 
receiving apparatus of the arrival station is able to act. The 
screws, between wbieh the armature vibrates, as it is alternately 
drawn forward by the magnet or back by the spring, serve as 
adjusters, al^ to llie armature. When the current upon the 
line is very feeble, it w necessary to place tlie armature vei^ near 
the poles of lite electro-magnet in order that it may be influenced 
by iL When the current is strong, tbe anuaiurc is placed far- 
ther olT. There is also another coulrivanee for necomplishing the 
same object, namely, ibe proper adjustment of the armature, 
Tbis consists of a carriage, upon which tbe belicea rest ; a long 
screw running under ilie carriage, and projecting underneath and 
in the rear of the helices, serves to draw the carriage backward 
and forwani, and, of course, by this means to increase or deerease 
the distance between the armaiurv and the poles of the electro- 
magnet, at pleasure. This improvement has been made wiibin 
the past few years in this country, but does not appear to have 
been adopted in Euroi>e as yet. 

The object of these " adjusting screws," as they are called, ia 
to bring about a proper adjustment ; that is to say, to place Ihe 
armature at that distance from tlie poles of the electro-magnet 
where it is under the cuntrvl of the current between tho station 
receiving and Uie station Irtuismilting a despatch. Now, the 
resistance of a telegraphic wire is in proportion to ils length and 
aze, and the earth being a conduclar of such immense surface as 
to present no resistance wluitever to the current, it follows thai 
upon a long telegrapliic circuit there is a constant tendency for 
the current upon the line to |>ass off into tbe earth ; liiis parage 
of tho current into tlie earth we call "escape." There are n9 
lines in tlio world, probably, — certainly none in iho Unil«d 
Stales, — whose insuliiiioii is so perfect as not to be more or 
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less affecled by this escape. IL is much gr(?Bter durbg wet 
weather ; buL all lines are more or k-S8 affecieil at all timi;*. Vi'c 
shall linvu occasion to Ireal upon this aubjecl at lengtli, when we 
come to Uiscuas llie very important subject of insulation ; we only 
allude lo it here in oi'der to explain more fully ihe uses of the 
adjusting nppnratuii, and what coii:jlitutes a proper adjustment for 
all conditions of the line. 

The strength of a telegraphic current depends upon the Jnlen- 
gity of the baiiery employed mid the amount of resiatonce whieh 
the conductor presents. Thus, if we have a battery of filly 
Grove cujis, with a line well insulated, we eim work a relay, or 
sensitive electro-magnet, a distance of eight hundred miles, with 
considerable force, or at least with sufRcient power to close a 
local circuit with e^ise ; but if we apply this battery to a line of 
fifty miles in lenglli, we obtain suRicient power to work the reg- 
ister. The discrepancy between the force with whiel) it operates 
the two electro-magneta is due to the resistance which the two 
lines present, the resistance being in proportion lo the length of 
the circuit. During very wet weather, however, unless the line 
be very well insulated, a great portion of the current ei<cnpes ; 
and it sometimes happens that a battery of fifty cups of Grove 
can scarcely atTect the armature of a sensitive electro-magnet at 
a distance of even one hundred miles, the remainder of the cur- 
rent escaping, a little at each [)ole, durmg this entire length of 
line. The usual arrangement upon telegraph lines is to have 
relays of batteries distributed at intervals of about one hundred 
miles, in order the more equally to distribute the current. 

We will now suppose a telegraph line of one hundred miles in 
length, with four stations at equal distances of twenty-five miles. 
The batteries are placed at both termini, twenty-five cups at eneh. 
During dry weather, when the line is tolerably well insulated, 
one a<^ustment of the armature serves for nil the stations upon 
the line, and does not require alteration during the entire day; 
but if there comes np a rain, causing considerable escupe, the 
attraction of the electro-magnet increases, becauiie there is /bm 
residance, the current finding a shorter cut, through the ciirlh, lo 
its starting-point. Now, as the magnetism increases from tfala 
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equal u|iou the whole length of the line, it follows iluu the a 
ture would have to be adjusted from the poles of llic cleclro-magnet 
as much farther for the second station as the escape wna more than 
usual, double the distance for the third, and three limes the dis- 
lanee for the fourth. An operator requires experience and skill 
ill working a lino during a heavy escape, and It is not unfre- 
quenlly the case that two good operators will do a large amount 
of business over a tclegmph line during a heavy storm, when 
inferior operators would be unable to transmit a single despatch. 

In a line of telegraph of several hundred or a lliousaud miks, 
any number of receiving magnets may be interspersed, as they 
do not interrupt the circuit; but the introduction of a large num- 
ber of these fine-wire electro-magnets increases the resbtance, 
thereby requiring batteries of greater intensity (grealer number 
of piiirs), and also n more thorough system of insulation. Each 
one of iheae relny magnets may work a local register, and tlius 
iliu same message may be recorded at a multitude of places 
practically at the same moment of time. If the receiving mag- 
net is to effect a relay of currents, the motion of its lever brings 
into action a powerful baliery on the spot, wliieb works the next 
receiving magnet in succession, and so on. 

The use of the receiving magnet, however, for Ihe pnrpose of 
relag of the galvanic force, may be dispensed with by simply in- 
erea.»ing Ihe number of pairs and distributing them in groups 
along the line. Thus Mr. Sears C. Walker, of the Coast Sur- 
vey, writes ; " We have made abundant experiments on the line 
from Fliilodctphia to Louisville, a. distance in tlie air of nint 
hundred mile^ and in circuit of eiff/ileen hundred milca. The 
performance of this long line was better than that of any of the 
shorter lines has hitherto been. 1 learn from an authentic eouree, 
that the same success attends the work from Phikdelphia to St. 

LOUIR, A W9TANCF. IN CIRCOIT OF ONE TWELFTH OF THB 

BABTH'a CIBC0MFERENCE. The number of Grove's pint cups 
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used is about one for everj twenty miles. It ia natural to con- 
alade from thia experiment, that, if a telegraph line roiind the 
liartli were pracileablc, twelve hundred Grove's pint cups, in equi- 
diHlsnt groups of fifties, would suflicc for the galvanic power 
for the whole line. The expense of acids for mainlaining this 
line would be about five mills per day for eaeh eup, or kix dol- 
lars per day for the whole line." This dislrihuliuu of the gal- 
vanic agency is frequently adopted in the mode of placing one 
half of the neceesary number of pairs at each extremity of the 

It ia easy for us now to represent the manner in which commu- 
nication is made between two stations. It is necessary that there 
should beat each, — 1st, a principal battery, called a main ballery, 
and a local battery ; 3d, a writing apparatus ; 3d, a I'clay ; 4th, a 
lover-key. The lever-key at each station comrouaicates in a per- 
manent manner with the ground, by means of a conductor; it com- 
municates also, by another conductor connected with the anvil, with 
one of the extremities of the wire of the electro-magnet of the re- 
lay, the other extremity of which is connected with one of the poles 
of a battery, whose other pole connects with a line wire. It fol- 
lows from this arrangement, that if the Icvcr-key of llie second 
station is lowered, the principal current of this station causes the 
relay of the former to act, since its circuit is complete. The cur- 
rent, indeed, coming from one of the poles of the principal bat- 
tery, arrives at the metal piece of the relay, where it finds the 
end of the line wire, traverses this wire, then arrives at the me- 
tallie piece of the relay of the former station, traverses the wire 
of the electro-magnet of this relay, arrives at the screw of the 
lever-key, thence goes into the ground, whence, returning to the 
second station, it penetrates by the earth wire into the lever-key 
of this station, which, being depressed, leads to the screw which is 
in eommunication with the other pole of the battery, 

M. Sieinheil, of Munich, who has bo ably contributed to the 
perfecting of the Electric Telegraph, lias found it convenient to 
join to the princijial batteries of each of the stations a consider- 
able resistance, the extent of which might be changed without 
interrupting the current. He has accomplished this by meansi 
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rh«o»tat, consisting of a veiy line Braa» nirc. Br xo selecting 
tlmi a length of 40 feel presents ver^ nearly ilie taaie 
reeielance a« 16,000 feel, or three miles of the condiielor, lie suc- 
by brass wire of from 400 to 600 feet in length, in pro- 
ducing resistances equal to those of the conductors comprised 
between two consecutive stations, or those which we call partial 
lines. This rheostat Is so arranged that, in a very brief space of 
time, one is nbla to introduce into the circuit resistances equal to 
one, two, three, and up to eleven leat/ueg of the line wire ; a sec- 
ond rheostat added to the former allows of introducing likewise 
very proni|il]y resistances equivalent to one tcitlli of those of the 
former, that is to say to -|^, -^ &&, of a league of tlio line wire. 
The necessity of this inlroduclioD of a variable rcsistunce into 
the circuit is due to the importance of having a current of con- 
slant force-, in order to act ujMn the relay ; seeing that the appa- 
ratus, when once adjusted by the tension of the spring, ceases to 
act well, if the current liecomcs more or le°s intense than tliat 
under the influence of which it has been adjusted. Now, Ihc 
current which sets the apparatus in motion is variable, for its 
intensity depends upon the slate of the battery, which, even in 
the most constant balterics. niny varj", and especially on the insu- 
lation of the line wire, which clianges with tlic degree of hu- 
midity of the nir and of Ihc supporls. Every day. iherefore, it 
is necessary lo vary the aildilionul re^i^tance arising from the 
introduction of the rheostat into the circuit, so as to have, as 
much as possible, a current always of the some intensity, which 
U determined by means of a compass, surrounded with a gnlvan- 
ometric wire, whicli forms part of the principal circuit, and with 
which each station is provided. 

The adjustment of the force of the current regulates the action . 
of the apparatus ; and it furthcnnore enables us lo know the con- 
of the whole of the line ; for the losses of current arc more 
powerful, and consequently the insulation of the line wire more 
imiwrfcct, in proportion as il is neceasary lo increase the devia- 
tion of tlie compass at tlie departure elation bj diminisliing iu 
renstance, in order to obtain at the other station tlic deviation 
that corresponds lu the normal current, under the action of which 
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the apparatus ought lo work. NijtwiLii>; landing the inronteslable 
advaiilages of tlie rLeostal, we stiull liowever see, in a moment, 
that experience liaa sliown tliut it might be dispanscd with niih- 
out inwHTeaience ; and tlmt it is more simple and convenient 
to adjust the apparalua every day, according lo tlie variable 
intently of the current, by putting moro or less tension upon the 
springs of the relays, and by adjusting ilie armatures by means 
uf tlie adjuBling screws and tlic adjusting carriage. 

Before going farther and pointing out by certain practical 
details the manner of using Morse's telegraph, it is lime to make 
known tlio nature of the signs, or alphabet, whicli it has been 
arranged to employ. As we have already said, the signs are two 
in number, a dot and a dash : and it is by numbering them two 
and two, three and three, and four and four, that they have suc- 
ceeded in obtaining in all forty-one indications, corresponding to 
the letters in ibe alphabet, tlic numerals, and punctuation-marks. 
The alphabet is liie same in principle as that employed by. Har- 
rison Gray Djar in 18-28, and Prof. Steinheil in 1837. On the 
opposite page is given the table of these combinations, placed 
aide by side with the letters, numerals, and punctuation-marks 
which they represent. 

We have seen that the pen of the recording instrument is in 
contact with the paper, as long aa the lever-key is held down; 
the length of the marks traced by the pen is proportional to the 
time of the depression of tlie lever-key, and the interval between 
two marks depends upon the duration of the pauses between two 
successive depressions. But Iho successive production of dots 
and dashes by the depression of the key requires a measured 
rhythmic movement, without wliich it is impossible lo trace iu 
a regular manner the successive signs ; for time is the measure 
of the length of each sign, and it is consequently necessary lo 
employ the natural measure that we possess for lime, which is 
rhythm. In order, therefore, fairly to comprehend the action of 
the lever-key, it is necessary to exercise one's self lo depress it in 
lime. With this view we strike upon a table with the tip of ihe 
forefinger of the right hand in two diiTerent methods : — Isl. By 
drawing back the finger with rapidity, so that it rests upon the 
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Letten. 


signs. 


dphenand 

PonctiMtlon- 

Marks. 


Signs. 


a 
b 
c 
d 
e 

f 

9 
h 

• 
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I 

m 
n 
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w 
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y 
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1 

* • II • • II''** 
III 1 1 II 1 I 1 1 1 1 1 1 1 

1 1 1 11 1 1 1 1 II 1 1 1 II 
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2 
3 
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6 
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9 
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• 
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II 1 1 1 
1 1 1 1 
II 1 1 1 1 1 
II • 1 • 

• 1 » I 
I 1 • III 


1 

1 

1 

ii ! 

: 1 
1 1 

1 1 1 1 1 1 



table for an instant onlj, and bj raising it onlj half an inch. 
2d. Bj leaving the finger resting upon the table for the time 
that separates two blows of the first kind, and bj raising it for an 
equal time. Each beat of the first kind is measured bj the syl- 
lable di, which is pronounced while making the beat ; with 
regard to the beats of the second kind, thej are measured bj 
pronouncing the syllables cb-o. The beats that are made while 
pronouncing the di would produce dots, and those which are 
made while pronouncing do^ would give dashes, if the finger had 
been rested on the lever-key that sets Morse's writing-apparatus 

8* 
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in at^tion ; but it is belter lint to team the use of the telegraph 
without apparatus, and by merely accusloming one'a Belt' U> 
Birike u|xiii a table in the manner that we liave pointed out. 
Wu must then practise producing a dash and two dots, then 
two- (lota and a dash, and so on, always prunouneing during 
these movements of the finger the syllables di and do-Of eaeli 
nylliible requiring to be pronounced at an equal di:itaDce from the 
following. We sec that intervals of equal times elapse betweeiiJ 
two dots, from one dot to ihe following dasb, from iho c 
ment of the Uosh to tlie end, and from the end of the dash to thai 
first following Mgn. Eaeh dot requires only a single inlcrxal of 
time, while the dash requires two. In the formation of the 
groups that result from the combination of dots with dashes for 
the repre^ntation of different signs, regard has been bad lo the 
tiumbisr of intervals of time, so as to have the fiiwcst possible. 

After a little practice, one easily succeeds in writing distinctly 
twetity or twenty-five words in a minutei and in reading with 
the greatest facility. It is essential that the lever-key shall hare 
but a very limited play in onler that the do-o, or beats of tlie 
lever-key, when it is lowered and raised, shall follow each other 
at equal intervals. We succeed very quicklj- in distinguishing 
by the ear the dashes from the dots, the levcr-key making a noise 
similar lo Iri iri iri for the dots, and lo do-o for the dashes ; we 
succeed also in distinguishing them, as well by the action of 
the relay as by the action of the lever of the recording ap- 

It will be obvious from the above description of the mode by 
which the letters are made in this system, that a good apprecia- 
tion of time is required (or a skilful operator; indeed, there ip 
very little use in any one's endeavoring lo excel as a mnnipula- 
lor unless he possess an accurate appreciation of time. We hn\'i' 
known many persons to attempt to become opcralora, who have 
failed from a want of the proper development of this fiiculiy. 
We have in our recollection now, one who, after many months' 
application, was obliged lo translate his despatch into the arbi- 
trary characters of the telegraphic nlphnbct, upon a slate or a 
piece of paper, and then count for the dn'^hcs and dots as he 
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depressed ihc key, anil in thb laborious manner (o trausmit ' 
deapateh 1 

The deamption wliich wo have given of ihc apparatna of 
Horse sjrgtcm is a correct one, u it was used in all liie offices 




many years ; but since the adoplion of ihe meihrxl of reading 
Mimid, another apparatus tins taken ihe plnw of the regisler, 
recording apparatus, cnllcd the founder (Fig. 42). 
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Tliis is Dimply nn electro-Diagnet attached to a 
mnhogaiiy base, with an amiuture altachei] to n leve 
u supportei] U])Dn the centre uf its uxis hy two pival«. A spring 
ut one extremity of liie lever aervea to draw the armature froni 
its contact with tlie two jmles of the electro-magnel, when tho 
circuit is broken. Wlien it is closed, the magnetism induced by 
lie current draws llie armature down with considerable force. 
At the rear of the helices there is an upright brass rod, fastened 
also to the board, upon which tho lever 'u made to strike. The 
board itself sluiidH u[)on four metal or wooden balls, and is so con- 
structed that the striking of the lever upon the brass standard 
causes a loud and distinct sound, wliich is audible, in a quiet 
place, a couple of rods distant. The brass slandoi'd coiilnins an 
adjusting apparatus, which eniibles the operator at pleasui'e to 
govern the sound, — making il loud or soft, or giving it any de- 
sired [litch. No other part of tlie apparatus hiL4 undergone any 
change by the substitution of the sounder (Fig. 43) for 1 
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recording apparatus. But there has ariaen from this & great sav- 
ing in the force necessary for doing a large business over the 
wires, as may be easily imagined from the fact that only one per- 
son 19 now necessary to receive and copy despatches where two 
wore formerly required. 

It was ooon discovered, after the ^troduction of the Morse 
Bystem of telegraph, that wonls could be read by the click of the 
magnet j but paper was used, upon which the arbitrary alpliabet 
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of dots and lines was indented by ihc mslrumenls, for id! roal- ' 
tcrs «r business up to 18^2, and by many linCH uvcn later; but 
III the present time tliero is siaireely lui office of any importance ' 
in tbe United Stuieu whei-e llie paper is uscd to receive tUe ; 
record. I 

Ten years ago the praclieti was, abnost invariably, in the prin- i 
cipal otiitcs, lo enifitoy an operator to read tlie de^palcli from the | 
Wg strips of paper.as it eume from tlie instrument; and a copy- < 
ist wlio stood by Ids side took it down. Nan, tlie system ii ' 
entirely cbnngcd. The operator read^ by ibc click, and copies \ 
the messages biniself. By this means tlic expense in lessened ' 
nearly one half, and the risk of errors in a far greater ratio. 

Repealers. — Although a ielegra|)bic circuit of one thousand , 
miles works quite as well a* a sliorler one, provided it be well ' 
insulated, still it has proved so difficult lo accomplisli the latter 
condition during all states of our variable weather, tluit sliortcr 
circuits have been resorted to ; and where it has been found de- 
sirable to tnin»nit despatches to points more distant Iban tbe 
normal condition of the circuit would admit, there has been 
introduced, at one or more points upon the line, an instrument or 
an apparatus called a Jlepeater. 

Various kinds of repealers have been devised, all possessing , 
advantages and disadvantages; but the one whicb h used upon 
tbe lines in this sec^on of the country, invented by Messrs. Wo«xJ- 
man and Fanner, seems to answer the purpose well. 

A repealer is an apparatus designed for the purpose of dupli- 
cating from one electric circuit to another the breaks and com- 
pletions received from the transmitting station, for the purpose 
of renewing the power lost by the escape of the electric fluid into 
the eartb through bad insulation. 

In the earlier repealers, the armature of the receiving magnet 
is made to perform Ibe functions of a circuit breaker and closer to 
another circuit, the two circuits lieing entirely independent of 
eacli oilier, excepting that the breaks and completions on one are 
made by tbe armature of the elcclro-magnct which is in the 
other, and this armature is controlled by the operator's key at 
tbe transmitting station. Tlib rejieating arrangement requires 
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the attendance of an operator lo turn a switch to keep the points 
electrically connected tliut form a portion of the circuit from 
which despatches are being Bent. Woodman and Farmer's re- 
pealer obviates this mid other objections by an iugenious arrnnge- 
ment of detents and frictions. 

The electro-magnetic part of this apparatus is worked liy local 
circuits ; consequently the relay in the circuit on the left operalea 
by a local battery the electro-magnet on the IcfV of the repeater, 
and the relay in the circuit on the right operates the electro- 
magnet on the right of the repeater. 

The main circuit on the left runs through the relay, thence lu 
the front right screWM/iip, tlience by the spiral wire to ilie bind- 
ing screw-head by the suindiird, but insulated from it excepting 
at the i>oint where it supports a flat brass spring ; tlien by meuiH 
of ibc spring, which is supported a short distance above the ar- 
mature of the electro-magnet, lo the standard and back ecrew-cup 
on the right ; thence lo the butlcry and ground. 

The circuit on the right may be traced in the some manner at 
the 0pi)O9ile side of the repeater. 

If the flat spring on the left be lifted from ihe binding screw, 
which supports it, the circtut upon the right will be opened, and 

The local circuits are similar in arrangement to the usual com- 
bination, — the armature and standard of the relay in the left 
circuit forming a part of the local circuit which works the left 
elect ro-magnet on the repealer, and tito armature and standard of 
Ihe relay in the right circuit forming a part of the local circuit 
which works the electro-magnet on the righL 

The switch on the back of the base board, at the right, is de- 
signed lo break ihe local circuit which works ihe sounder, and 
close another with the same battery through the helix on l)ie 
right of Ihe repeater ; and the switch on ihe left performs ihe 
same office for that jiarL 

Al the top and near Ihe middle of the framework are two 
detents, projeciing beneath (he armature of the electro-magnets. 

Projecting from the shaft of each deleni is an arm, situated 
immediately over another arm in connection with the armaturo 
of the electro-magnet on the opposite side of the repeater. 
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Having given an idea of the consLniclion of the repeater, we 
will now explain its modut o/iergadi. 

The switelies on the from being thrown off to albw the anno- 
lures to break [he eircuit», ami tlioae on the back being Gwitched 
BO OS to furiD the two local cinruits through heliees on the re- 
liealer, — now if the iniiin circuit on Uie left be opened, the loeal 
cireuil ia broken by the relaj, anU the armature of the eleeiro-inug- 
uet on the left, being releaseO, h drawn up against the Hat spring, 
which it litis from ihe bintiing-serew, breaking the main cireuit 
on the right. Before, however, llie armature reaehos llie spring, 
the arm attached to it elrikea the arm whieh projecu from the 
shaft of the detent on the opposite siOe, throwing (lie detent under 
the armature on the right, which is thus prevented from reaching 
the flat spring ou the right, and breaking the left circuiL 




Now if the circuit on the letV be again closed, the 
the repeating magnet on tliul side will also clo-e by 
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tura is held there by friction until the rclaj on the right has time 
to opcTBle. The circuit oa the right in closing cloi^c^ iho local 
circuit, and releases llic detent, wliich is drawu into its original 
place by a spring. Thus the armature of the right cleclro-niag- 
net is prevented from making false breaks in the circuit on Iho 




left, it being held by the detent until it is released hy the closing 

of its own relay, which also closes the repeating a, 




If bolh circuits arc closed, the Rmijilui 
I detent under the oilier before opeiiii 
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when tlic cireiiit is lo be closed, instead of depending opon tho 
prompt actiuD of tlie relay in closing to prevent a faUe break, 
the onnalure is held by tlie detent until the relay has actually 
closed, which, cloaiiig the repeating armature, lifld it from the de- 
tent, which, being before held by friction with the armature, is 
now drawn from under it. 

Various ap[iaratus nscd in telegraph offices, sucli as ewilehes, 
Bcrew-cups, ihumb-screwB, &c., require a passing 
notice. Fig. 44 represents a simple switch used 
for closing llie circuit, with the key raised. Fig. 
45 is a switch for throwing on a ground at an 
intermediate office, for testing the line or for 
dosing the maiD circuit when the line is broken 
beyond. Fig. 46 is a double ewitcli for the pur- 
pose of changing the directions of different lines. Fig. 47 ie 
nsed for ihc same purposes as Fig. 44. Fig. 4S is an instru- 
ment for bringing any niiinber of batteries into circuit at pleas- 
ure, from one lo one hundred cups. It is arranged with u pole- 
changer, br«ak-piece, key, and clock-work eleclrotome. It is 
called a manipulator. Fig. 49 is a switch, designed for tlkrowing 
portions of the apparatus out of the circuit at pleasure. Figs. 60, 
£1, and £2 are thumb-screws, designed for uniting wires tunpo- 




f1^ U, «if. «i. fig. 01. 

nirily in tlic otBces, or for connecting wires upon the line at test- 
ing place*. Fig. S3 is a screw-cup. used upon the copper end 
of a Daniell battery, for the purpose of connecting the Unu 
8 
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wire. Figs. 5i and 55 perform the same office for the z 
of a Grove ballery. 




rig. 67. 



net. This is an exceedingly delicate permanent magi 
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electro-magnetism induced in the mftgnet cores repels the poles 
of lliia magnet; it swings on iu centre towards a boriz(int«l posi- 
tion, indicating on the graduated arc the force of electro-magnet- 
ism. It will indicate a current loo feeble lo vibrate the armature, 
and its position with reference to the electro-mt^etic poles con 
be instantly clianged, so as to make their operation U)M>n it always 
repulsive. A sliding weight upon it graduates its sensibility. 
Fig. 57 is an independent adjuster for magnet springs, w 
is designed to screw into the table. 



I 



Fig. 58 represf 
lines of local ( 




Zg 



in(iiii<;-scrcw9. connectors, Sec, for screwing 
in batteries as pule CODaectiuna. 
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CIIArTER VI. 



TBE NEEDLE SYSTEM. 

The essential part of (he needle telegraph is ttie maltiplier, the 
needle of whioli, fixed verticaliv upon a horizontal axis, moves in 
front of a dial. Among ibese tekgmpbs, some oje single-nccdli- ; 
oibers, and they are the more numerous, are double-needle. Tlio 
einglc-needle telegraph has an alphabet engraved on the right 
and lel^ of the needle ; some letters require aa many as four 
movemenis, nhicli may be eilber all on tlie same side, or some 
on one side and some on the oilier ; hut it is necessary that the 
last roorement of a letter placed on the right shall always be 
to the right, and that of a letter placed to the left, always to the 
left. Thua W is indieated by four movements, three to the leit, 
and tiie fourth to the right; L, by four movements, to the right, 
to the lei), to the right, to the lel\. Beneatli euch letter there u 
a sign, formed of one or more right lines, inclined toward the 
right or toward the lefl ; some of these diagonal lines are entire, 
the others have only half the length ; the direction of the diag- 
onal is that of the deviation, and one deviation is required for 
each diagonal ; the deviation indicated by tbe deroi-diagonal is 
first made. In order to simplify the matter, it has been agreed 
to proceed in the following manner : one, two, three, four devia- 
tions to tlie lefl are first employed for the tirst four signals ; then 
one to ttie right, with one, two, three deviations to tlie Icf^, for ilie 
three following signals ; then two to the right, wilJi one to the 
left ; then to the left, the right, the left ; and finally to the right 
and left, the right and left ; which leads as &r aa the letter L, 
and thus completes the first half of the series. The second half 
is the counterpart of the first ; the deviations to the kft are simply 
replaced by deviations to the riglit, and reciprocally. The nu- 
merals are inscribed under the needle ; and they ara indicated 
by tho movements of the lower port Thus, in order to show 4, 
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the lower extrcmily ol' llie needle is carried once lo llic rigtii, and 
oiKW to the luft. 

The double-needle telegraph differs from the preceding only 
inasmuch as it is uoinpoaed of two muliipliers, ioatead of having 
but a siiigle one. The two needles are liltewiso arranged verti- 
cally, each on n horizontal axis. The upper case is occupied by 
tlie bell, or alarum. The letters of the alphabet are arranged 
upon several lines, eorameuoing at the left and finishing at the 
right, as in ordinary writing. The Brat series, from A to P, ap- 
pears above the points of the needles j the second series, from U 
to Y, appears below the points of the needles. Each letter is in- 
dicated by one, two, or tiiree movements. The letters of the 
upper series are formed by the nearest needle, which is made to 
deviate once, twice, or thrice on the side where the letter i^ so 
as to point towards it. For the letters of the lower series, both 
needles are moved together, by directing their lower ends towarda 
llie letter. Six letters, C, D, L, M, U, V, require two contrary 
movements of the needle, or of both needles ; first to the right, 
then to the lefl, for C, L, and U ; and first to the left, then to 
the right, for D, M, and V. These letters arc engraved in email 
capitals, and separated hy double arrows. 

It remains fur us now lo make known the internal arrange- 
ments of the needle telegraph (Fig. 59), We shall content our- 
selves, for the soke of simplicity, with describing that of the 
single-needle telegraph, the arrangement of the double-needle 
telegraph being, with a slight modification, almost entirely simi- 
lar. The multiplier in these telegraphs carries, as in ordinary 
multipliers, two needles ; the one, called diamond needle, when 
made in the form of a lozenge, very short and very wide ; the 
other, exterior, rather longer, and similar to ordinary needles. 
Mr. Walker found advantage in substituting for the diamond 
neeillc, a needle formed of several very short needles of thin 
steel and strongly magnetized, fixed upon an ivory disc of 1^ 
uiehes in diameter. A single narrow, cofhn-shaped rhomb makes 
a good needle. The outer needle is three inches in length. Tlie 
frame of ffie bobhin. A, Fig. 59, is of brass, or, belter still, of 
wood or ivory ; it is fixed by screws lo a brass plate, oflcn var- 
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■da Ihc fliise, and supported ngainst its 

lialves, and slides into grooves nt the 

independently of the diaL The wire of the 






back of the c 

bolibiii is lve& ibun a hundradtli of an inch in diameter ; 
estremi til's abut upon binding-screws, I', W; a slip of metal 
unilL-s the extremity' If with anollier binding-screw, T; Feom- 
Diuiiicatcs in like manner, hj a mclal slip from F, hy ibe spring 
//, the stud n, and the spring £, with the binding-serew A*. 
The springs If, I, which ate of steel, press strongly against two 
points fixed into a bra^s stem, X, eeineni«d into the wooden case 
of the instrument. A conducting- wire connects the binding-screw 
rilh Jt (when the instrument is licing tried on a short circuit 
room) ; and the eireuit b completed in the following man- 
belween T and Jl. The current, arrived at T, passes into 
the bobbin bv the right »ide, retuma by the left, ascends the 
steel spring //, pusses hy the studs in the stem lo the other spring, 
/. descends to Ji, and completes the circuit by the earth wire. 
Let us now conceive thul the conduciing-wire of a first station 
communicates with T, and ibe wire of a second station witli ff, 
tha apparatus will be in the circuit of the icIegTaphic Kne, and 
quite rvady lo receive (as above described) the signals manifested 
hy the devia^ona of (lie needle or needles : since two similar ap- 
paratus arc connected with each other, and llieir bobbins are 
traversed at the same time by the current that goes ftvm Tlo R. 
In order to obtain greater regularity, it bus been agreed always 
to place the conducting- wire that leads up tlie line in communica- 
tion with T, and the wire that leads dotrn the line with S. 

The above Is the manner in which signals are received j let 
as now state how they are transmitted. Tlie commuiaiur ii a 
cylinder of boxwood, mounted as shown in liie figure, and which 
is able to turn upon iL'elf by means of a handle ; its cxiromilics, 
Z, y, nre fitted with brass collors. with studs standing out, and 
insulated from each other by tiie wood which sepnmtea them. 
Two strong steel springs, (7. K. fi«ed at the right and tlio lefl 
npon the brass slips rest with friction, one u|)oti iho brass drum 
J7, and cause the exiremiliea of the commntnior to communicnic 
with the Wilding-screws S and Q, and by their means with the 
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poles of the batlerr- If the commutator is iiutde to turn, tlio 
Blud M causes one of the epriogs H, I, to rise, which, b; ibis act, 
will no longer communicate with each otber \)y the stem Q. In 
the Sgurc, it is the right spring H that is raised ; but a little fur- 
ther luotioQ imparted lo the commutator causes tbe block o to be 
touched by the stud M, which places it in communication with 
the drumy; the current of the buttery then circulatea through 
tbe apparatus, and in the whole of the telegraphic circuit In 
fact, whcD arrived ut S, it will pass by G into the drum Z, will 
enter by the upper stud M into ihe spring H, and thence by V 
into the bobbin ; it will come out by W, wilt come on to V, will 
pass along into the conducting- wire of Ibe telegrapbie line, will 
come to R, will puss by E lo the slud I, and ihencu by the drum 
y and llic spring Q along the slip to the copper polo Q. If the 
fflauipulalor is turned in the op[>osile direction, the current tratis- 
mitted from 5 to the drum ^will arrive at R by the spring It 
and the plated; will go into the conductor of tbc telegraphic 
line ; wiU come lo T, enter into the multipliers by W, and come by 
the plate and block lo ibc stud K, lo the drum Z, and by the 
Bpring Q' to tbe copper pole Q. The internal arrnngcmenta of 
the multipliers are ao arranged, that, when the handle is lumed 
to tbe rigbt, the needle is deviated towards the right. Tbe needle 
A, placed at the outside of the apparatus, has always its north 
pole upwards; the inside needle has always its norlli pole down- 
wards ; so that, in virtue of tlie law of the action of currents upon 
magnets, if on looking at the instrument in front we see tbe 
upper point of the needle move towards Ihe right, we may bo 
sure tbat in the half of tbe wire nearest to the spectator the 
current is ascending. Wc have merely, therefore, lo turn the 
handle noiv lu the right, now to the lefl, in order to moke all 
the needles of tbe telegraphs deviate to the right and Ici^ and 
transmit signals. 

TIte alarum, or bell, intended for giving notice that a despatch 
is about to be sent, and which is placed upon tbe top of the cose, 
presents a very simple mechanism; it constsia of an electro-mag- 
net, and a movable armature of soft iron, attracted by the electro- 
magnet every time that, and also for as long a time ns, the cur- 
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jtit passM ; two small brass screws, tipped with ivory, and fixed 

into the onuaiure, prevent its coming into absolute contact with 

; poles of the clecIro-magDet, while etiU pennitting it to ap- 

■proach very near to it. The object of this arrangement is to 

■prevent the adherence of the armature of the electro-magnet, an 

^'^hcrence which too oflen would continue even siWr the rupture 

f the circuit. The armature is terminated by a lever, arranged 

m a detent, in such a manner tliat when it is drawn up by the 

sorrent the detent is released, and thus sets in motion a train of 

L-wurk which causes a hammer to strike a bell. 

icluding the description of the double-needle telegraph, 
jw recall to mind ilie manner in which it ia employed. 
The Ibllowiiig Ls, first, the eoinplt^lu vocabulary ; — 
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A. Two movements towards the loll of the lefl neeille. 

B. Three mowmcnts toward the left of the left needle. 

C and 1. Two movements of the left needle ; the first to the 
tght, llie second to the left. 

id 2. Two moveraenls of ihe left needle ; the first lo the 
(left, the sceond to the riglH. 

E and 3, A single movement of llie left needle toward ibc 
■llgbt. 
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F. Two movements to the riglit of tlie left needle. 

G. Three moyemenl3 of ihe lell needle toward ihe right. 
II and 4. A movement toward the left of tbe right needle. 
I. Two movements tow&rd the left of tlie right needle. 

J id omitted, and G substituted for it. 

K. Three movements townrd the left of the right needle. 

L iind S, Two movementa of the right needle ; the first to the 
right, the Beeond to the left. 

M and G. Two movements of the right needle ; the first lo the 
left, the second to the right. 

N and 7. A amgle movement toward the right of the right 
needle. 

0. Two movements toward Ihe right of the right needle. 

P. Three movomenls toward the right of the right needle. 

Q ia omitted ; K is substituted for it. 

R and 8. A parallel movement toward the left of both needles. 
Tlie lower ^nd is read in this and the two following signaU. 

S. Two pnrnllel movements toward the left of both needles. 

T. Three parallel movements toward the left of both neeiUcs. 

U and 9> Two parallel movements of both needles ; ihe iin.t 
lo the right, the second to the loft. 

V and 0, Two parallel movements of both needles ; the first 
lo the left, the second to ihe riglit. 

W. A parallel movement of tioih needles toward the right. 

X. Two parallel movements of both needles toward llie right. 

Y. Tliree parallel movements of both needles toward the right. 

Z is omitted, unless made with uno beul more than Y ; or S is 
substituted. 

The pign -)-, called »top by the English, is ihc final point, by 
which the person who sends the despatch announces that the 
word is finished ; it is indicated by the movement of the left nee- 
dle toward the left. This sign serves also for him who receives 
the dcspaleh to indicate that he does Dot understand; when he 
understands, he shows the letter E ; two E's, or rather two move- 
ments of the left needle, are employed for saying ytt. 

The words, irai(, go on, engraven upon the instruments, are 
useful signals. If London addresses Dover, vhen Dover is occu- 
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pied and is unable to lend oRention to the correspondence that 
London is about to open, Dover directs the lower end of the 
needles to the letter R, and says hj tlti» act, leait. When he haa 
become at liberty again, and ready to receive the mesfsgo, he 

I 'Erects his needles to W, which means, go on. 

It is especially important for the two stations that arc opemog 
ft correspondence to understand each other well before coin* 

'mencing. It is necessary that the one who receives should know 
Tell who is sending to him ; and that the one who sends a me^ 

. Mtge should know clearly if it is the station with which he desires 
to correspond tliat really receives iL Above the six larpi letters 
+, E, 11, N, R. W, are engraved the names of the stations of the 

'group: and these stations wiU henceforth be always designated 
'hy these letters. In the apparatus, R is London ; K, Tunbridge ; 
H, Ashford ; N, Folkestone : ^V, Dover. If, now. London de- 
sire to correspond with Tunbridge, he directs his needle to E for 
a few mumenis; each movement causes the Tunbridge bcU to 
ring, should it be in circuit, whieh, as we have seen, would be 
uluated on the saute wire as the left needle. The attention of the 
clerk is roused; he puts his alarum out of circuit, and transmits 
to London the same Mgnal, which is equivalent to saying, AU 
right, I am at my poti, London Li then sure of being undci^ 
stood at Tunbridge. He then directs the needles upon the letter 
B, which indicates London, and Tunbridge, in his turn, knows 
that it is London that is speaking to him, and by repeating tiiis 
same signal, R, he savs that he has received it. L<indan then 
goes on with Tunbridge ; the correspondence commences, and 
Tunbridge atlcr each letter says E, undtnttmd, or the stop -\-, 
not undtrttanrL When the despatch is completed, Loudon mnkca 
two deviations of the left needle towards tlie left ; the clerk at 
Tunbridge repeals them, if he has nothing to add, ami proceeds 
to the transmission of tlic despatch to its ulterior destination. 

Two telegraph clerks are able to modify their vocabulary in 
inch a manner that the intermuliate stations seeing their lig- 
nals are unable to decipher ihcm. They can agree, for example, 
that the right directions sliall be read to the left, and reciprocally, 
for one of the needles, or for both ; secondly, that the left need 
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sliall become a second right needle, or ihe right necillc b. second 
left one ; or, thirdly, that ilie right needle ebaU become the left 
needle, and the left the right, &c., &c 

The figures are wrillen under certain letters ; and the sign II 
followed by the -^ shows that a figure is alxmt to be indicated, 
and not the corresponding lellcr. In order to avoid all errorc, 
the correspondent immediately repeats the same H -{-, indicating 
by thia that he expects a figure, and not a ieller. The letter W, 
interposed among the figures, serves to separate compound 
figures or deeimal fractions. Thus, H, E, W, N, means 43/. 7»., 
or 43 ft. 7 in^ or 13 h. 7 m., &c Special signals indicate periods, 
paragraphs, words underlined, or other important circumstances ; 
the clerks have invented a signal for laughing, and for express- 
ing their astonishment, &c., &c The English clerks are so well 
skilled, that they are able to send the most difficult despatches, 
even when no letter or figure or signal may be engraved upon 
tlie dial of their apparatus. 

As may be supposed, the double-needle telegraph may easily 
be arranged so that it shall act as a single-needle telegraph only, 
which is very valuable in many cases; as, for example, when one 
of the two wires necessary to the double-needle telegraph lias 
become deranged or broken ; or when the two wires, by the effect 
of a violent stonn or an accident, have come into contact, so as 
10 constitute one only. Moreover, the single-needle telegraph, 
although its manipulation requires a little more time, is able to 
render great service ; it is not unfrequentJy employed for the 
notices to be given on railways between the various stations. 

The double-needle telegraph is perhaps the most perfect of all 
in theory ; and although it requires the employment of two wii-cs, 
it merits the preference in the majority of cases, both on account 
of its simplicity, the action upon which it depeods being a direct 
action, which does not require any intermediate mechanism, and 
also on account of its infallibility, which is due lo the same cause, 
since it is less susceptible than any other of becoming deranged 
and giving rise to errors. The facility with which the handles 
lend themselves to the movements to be executed, and the rapid- 
ity which results from it in the trangmigaion of despatches, are 
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^nally rMoaritable. Mr. Walker, as ihe result of lii« long ex- 

irience, has ob^erred lliat, in ordiaaiy cages, from fifleeu to 
twenty wonl^ per minute are ensilj tronsmilleil ; [hat very 

■quently, wben all is in order and tbe insulation is good, twenty- 
pve or more are transmitted. These considerations explain why 

1 double-needle telegraph is generally adopted in Great Brit- 

I, and why it is retained, notwithstanding the evident guperi- 
«ily in many respects, as we shall see, presented by Horse'a 

ilegrapb ; they will likewise serve as our justi&uilion for the 

tended description we have given of it. 

There remains another needle telegrajih, contrived by Mr. 
Bain, which was set up in 1846, upon the line from Edinburgh 
to Glasgow. This telegraph is a eingle-needle one ; hut the 
number of movements necessary for forming a signal never ex- 
ceeds four; this is only one more than in the double-needle tele- 
graph, and the same number as in C<xike and Whcatstone's single- 
needle j it has the same advantage as the latter in requiring only 
one wire. This telegraph, like the preceding one, depends upon 
the action that is exercised upon the magnet by the current that 
traverses the wire of a bobbin ; but the arrangement of the differ- 
ent piec«s of the apparatus is very different ; the two permanent 
magnets of a semicircular form are connected together by means 
of a brass rod in the diameter of their circle, upon which is fixed, 
perpendicularly to tbU diameter, the indicating-needle, which 
comes from its centre, through which also passes the axis of rota- 
tion. The two semicircular magnela have their poles of the 
I' nme name near to each other, there being between them an 

terval of not more than a sixth of an inch ; two bobbins are 
placed that, in the stale of inaction, the two neighboring poles 

r the magnets are likewise in the interior of the same bobbin. 

't follows from this thai, as soon as a current penetrates into the 

e of the bobbin, one of the poles is driven from the interior of 

e bobbin, whilst the other penetmtes into it ; which produces, 
according to the direction of the current, a movement of tlie iodi- 
eating-needle, either to the left or to the right. The same effect 

ttatroii [ilacc upon the other two poles of the two semicircular m^- 
which likewise penetrate into the interior of a second bobbin. 



r 
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It is now easy lo comprehend thai, by mcana of a commulator, we 
ore able lo produce movcmeDts of the iiidicating-aeeJle as uu- 
merous as we desire, and which rapidly suceeed each other, either 
to the right or to the lefl, and the direction of whii-h deviations 
is carefully made to coincide nilh that of the motion iinjiarted 
by the hand (o the arm with which tlie handle is furnished, by 
which the cooiniuiutor is made to move. 



UOL'SE'S PBLSTINO TELEGRAI'H. 



CHAPTER VII. 

HOUSE'S PEINTDIG TELEGRAPH. 



This magnificent instnimeDt (Fig, 61), in which tlie applica- 
tion of the electric Bcienco lo the art of telegraphy seems carried 




to its highest perfection, — which works at the astoaUhing rnle of 
rixtf or levenljr strokes or breaks in a second, and at once 
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1 Koman 

i "iight- 



recorda ihe information by its own machinciy in plaJ: 

letter*, and iitemlly gives lellera to ligliining, as well a 

ning to letters," — was invented by Koyal E. House, a. native of 

Vennonl. 

A patent vas applied for in 1840, but, owing to some supposed 
infringement upon the Morse patent, il was not granie<l. Sub- 
Bequently, however, the instrument was clianged by the eubstilu- 
tioQ of air in the place of an elect ro-mngnet and a local cireuit 
for carrying the escapenteul, anil a patent was issued in 1^48. 

Mr. House was engaged loit nearly six ye&n in perfecting Ihe 
instrumeui, it being of eo comiiticated a ctuiracter (although all 
its porta ore simple) as to reijiiire an immense amount of thought 
and study to bring it into practical form, after it had been gener- 
ally worked out. 

This system is the mo^t rapid, and at the same time accurate, 
wliieii has ever been invented. It is twice as rapid as the Mon^e 
or Bain, and four times as rapid as the needle system of Cooke and 
Wlieatalone. But its great rapidity is not ils only recommenda- 
tion ; — it presents an accurate transcript of the mailer trans- 
mitted, printed in Roman letters and properly punclaaled ! 

Unlike ibe Morse and Bain instruments, whieli make uBe of 
llie cleclrie current to do nearly all the work, this instrument 
uses llio electric current as little as possible, and relies for 
Uie accomplishment of its work upon other forces, namely, man- 
ual power, air, and a variety of springs and frictions, A key- 
board, similar in appearance to tbat of the piano-forte, having the 
twenty-six letters of the alphabet, and a dot and dash painted 
upon ihem, is used in Uansmiiting a message. Under the key- 
board there is a circuit-wheel, having at one end fourteen eoga 
and fourteen spaces. Directly over the cogs and spaces rests 
a spring, which, when it presses against a cog, closes ibe circuil, 
and when it covers a space, opens it. 

Now, when the wheel is made to revolve, by a man turning a 
crank which carries the instrument, the circuit is broken and 
closed just twenty-eight limes for each revolution. There are 
pins set around the surface of the cinruil- wheel shaft correspond- 
ing to the cogs and spaces upon the circuit-wheel, so Ihat,.tj 
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[trcsBing down any of tlie keys, the wLeel eon bo airestfj ut uiiy 
moment. 

The pa|)er receives iU impression from the sleel type cut in 
3 BUrface of tbe type-wheel (situated upon the lop of the iii- 
Mrument), wliicli, by an ingenious contrivance of a miniature 
'fress, forces tlie jieper against a blackened silk ribbon, pressing 
upon ifac tyj>c-wheel with sutlicient force to make a legible 
JtnpresBton. 

The press can only work when the type-wheel is at rest, and 
we will now show how the keys control the movements of the 
^rpe-wheel. Connected with the circuit- wheel is on electro-axinl 
, wbich connects at the upper euil with a lightly fitting 
lur-valve. From the air-cliamher lead Iwo pipes, through only 
one of which tlie nir is forceil at a time. If tbe valve be drawn 
■wn by the magnet, it passes through the right-hand pipe; if 
e valve be raised by the spring, it ymases through the left At 
e extremity of the lur-pipes there is a double-headed cylinder, 
irhich, when the air is forced into the right end, forces the valve 
to the left, and when forced into the left end, forces the valve to 
;lhe righu In the centre of thid cylinder there is placed an arm of 
Wi escapement whose two prongs embrace the under part of the 
^rpe-wbeel in such a manner that, if the escapement be forced 
•.t to the left or the right by the cylinder, the type-wheel must 
ip. The type-wheel ctmtains aa many cogs as the circuit-wheel, 
d when the circuit-wheel is set in muiiun the type-wheel can 
ike just as many revolutions as the circuii^wheel, and no more. 
ITbe drcuit-wheel controb the magnet ; the magnet controls the 
valve i the valve controls the double-headed cylinder; the eylin- 
T controls the escapement ; and (he esoapement controls llic 
pe-wheeL All the instruments commence from the dash, 
here are, upon aq average, seven breaks and closes for every 
tier, although some may not require mure than one, while 
hers require iwcnty-cight. 

To operate this ini^lrunient two persons are necessary, — one 
furnish the motive power, iho other to use it in Iransmittuig 
i deapalch. 

English writers have failed to understand this instrument, atid 
10* II 
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English mechanics have faileil to duplicate iL It is described in ' 
several Grilisli works upon the telegraph as being almost the 
gloweat kind in nse, while in fact it is aUogetker the most rapid, 
— being twice as fust a^ the Morse, and four times as last as (lie 
needle telegraph in use in Great Britain. 

The first line using the House sjBleni was oompleted in March, 
1849, between New York and Philadelphia. The seeond line, ' 
between New York and Buxton, was completed in the autumn of 
rhe same year, nnd was followed by a line to Buffalo, Cleveland, 
and Chicago; one from Pliiladelphia (oWo^hingtoni and one from 
New York city to Samly Hook. In 1853, the government of 
Cuba eonlraeled with parlies in tills country for the construction 
of lines of telegraph 1,200 miles in length, with 51 stations, to use 
the House instrument. Amcricim operators were employed to 
teach the Spaniards, lo whose manngcroent the lines were sur- 
rcndcrcd ; but we are not aware how well ihey have Bucceeded 
with the business. No despatches ore allowed to be sent over 
the Cuban wires except they are written in Spanish, and the gov- 
ernment exercises a close surveillance over the whole businos.". 

About Ihe same time that the Cuban government was intro- 
ducing ihc House eysiem into that island, one of the English 
coinjianiea decided to give it n tiial. They bought one of the ^ 
instrumenta in this country, and endeavored to manufoclure oth- . 
ers by it, but afler two or Ihreo ailempts relinquished the idea 
as a fniilless one. They then sent lo this country for two more 
inslruments, and operators to work them, and allempted lo use 
them upon the subtcrraneiui lines between London and Liver- 
pool ; but it was found that the underground lines did not dis- 
cbarge themselves rapidly enough, on account of the static 
induction, fur the necessary vibrations of this iuatrumcnl, and 
therefore the cntetprisc was abandoned. 

This is murii to be regretted, for this system is peculiarly 
adapted lo llic short circuits of ihc English lines, and, were it 
once established upon the open-air lines, would undoubtedly be 
generally adopted. 

For the past seven years, House's printing telegraph between 
Boston and New York has transmitted a large proportion of the 
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private lelegmms betwcpn these two important poinl.*, as well as 
the entire report of the press. The work, we need hnnliy say, 
has been done eminently to the Batisfiiction of the business public, 
with whom the printed elips are highly popular. 

House's printing Iclcgmph is a etep-by-step, axial-magnetic, , 
letter-printing instrument. Like most other nystemg, there are 
two distinct parts to llie apparatus ; nami^ly, the composing, and 
the registering or printing apparatus. Some of the instruments 
are provided with treadles for the purpose of producing the 
necessary motive power to supply the machines with air, and to 
carry the composing and priming apparatus ; but the greater 
number, and indeed all in the larger offices, are turned by crank, 
by a man especially employed for ttiia service, called the grinder. 

We will now endeavor to describe the instrument fully, so that 
all its parts may be clear to tbe reader, and ila modus operandi 
correctly understood. 

The reader has olrendy the general idea that the aciion of the 
composing apparatus, nomcly, ilie breaks and closes of the circuit- 
wheel, controls the movements of the type-wheel, and thus desig- 
nates the letter to be printed. The reailer must not, however, 
confound this action with that of the Morse machine, which is 
totally unlike it. In that system, the same number of breaks 
always produces the same letter, provideii they are made in the 
same length of time ; while in this the number of breaks which 
are re<|utred for a letter is made dependent u^wn what letter was 
made before it. Thus, when we have mode A, it requires only 
one break lo make B, and one close for C, and then a break for D; 
and so on through tlie alphabet ; but if, after making A, we wish 
to make another A, we must allow the wheel to perform an entire 
revolution, or lo break and close the circuit just twenty-eight limes; 
and the same is true of any other tetter, which, having just 
printed, we wish to print again. This is owing lo the etep-by-step 
motion, and is doubtless the reason why English writers have got 
the impression that the instrument is slow. 

A composing and a printing machine are both required at every 
station; the printing apparatus is entirely dltti net from the cir- 
cnil, but all the compt^ing machines are included in and form 
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part of iU The circuit commences id the galvaiiic battery of one 
slalion, parses along tbe conductor lo another gtuiiuti, tlirougli ihc 
coil of the asial magnet lo an insulated iron frame of the compos- 
ing machine, thence to a circuit wheel revolving in tliis frame ; it 
tlien enters a sprmg that mba on the edge of this circuit- wheel, 
and has a connection with ihc return wire, a]otig which the elec- 
tricity goes through another battery back to tlie station whence 
it started, to pursue the same course through the comjior'ing 
machine and ma<rnet there, and all others upon tlie line. Tliu^t 
tlie circuit is confined to the composing machines, axial magnet.-', 
conducting-wire*, and batteries. 

The composing machine is arranged wiih- 
. mahogany frame, H (Fig. 61), three 
in lenglli, two in width, and six lo ten 
es deep ; the varioiia parld of tbe print- 
macliiiie arc seen on tlie top of the same 
. Both are propelled by the same mauuul 
power, which is distinct from the electric 
current ; it is simply a crank, with a pulley 
carrying a band to drive tbe inocbioe, and a 
linlance-wheel lo give stable motion. One of 
ilie spokes of the balance-wheel has fixed to 
Li an axis for the end of a vertical Ghafl to 
i''.'\olve on, which moves the piston of an air- 
rondenser, ff, fastened to tbe floor; the air 
i< compressed in the chamber /, fourteen 
iii.lies long, and eii in diameter, lying be- 
tM'^th the maltogony case H ; it is furnished 
uiib A safety-valve, lo penuit the escape of 
nvlimilanl air not needed in the economy of 
diii machine. 

The composing system has an insulated 

iron frame, A (Fig. 62), placed imwediulely 

Ijl'Iow ihe keys, pantllel with llie long di- 

nmuier uf the case ; this bos within it a 

■v diving shall, C; iho shaft is enclosed for 
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cylindtT B; it is maile to revolve by a band playing over tbe 
pulley U, tixed lo tlie left extremity of it. The cylinder, B^ 
is dctacbed from the slioft, but made to roTolvc wilh it by a 
friction contrivance, consisting of a brass flange fastened perma- 
nently to the revolving shafV; the face of the flange and the inner 
fm-e of the circuit-wheel are in contact, with a piece of oiled 
leather interposed; the friction ia regulated by a spring pressing 
against the end of the revolving shaft, C. The object of Ibia. 
friction apparatus is to allow the slrnft to revolve while tbe cyl- 
inder ean be arrested. 

On the right end of the cylinder is Hxed the brass wheel, 
E, four or five inches in diameter, cjilled tlie circuit-wheel 
or break ; the outer edge or circumference of it is divided into 
twenty-eight equal spaces, each alternate space being cut away 
lo the depth of one fourth of an inch, le^viag fourteen teeth 
or segnu-nts, and fourteen spaces. The revolving tlinft and 
cylinder form part of the electric circuit ; one point of connection 
being where the shaft ta»le on the frame, the other through a 
fpring, ^, having connection with the other end of the circuit, 
pressing on the periphery of the break-wheel, E; G, the other 
part of the circuit, coming from the axial magnet to the frame A. 
AVIien the shaft, cylinder, and circuit-wheel revolve, llie spring 
will alternately strike a tooth and pass into an open space ; in the 
former caf^ the circuit is closed, in the latter it is open. 

For the purpose of arresting the motion of the circuit-wheel 
and cylinder, the latter has two spiral lines of teeth {U, Fig. 
62) extending along its opposite sides, fourteen in each line, 
making twenty-eight, one for each tooth and one for each space 
on the circuit wheel. The cylinder extends the whole width of llio 
key-board above it ; the latter ia like that of a pianoforte, contain- 
ing tweniy-eighi keys, which correspond with the twenty-eight 
projections on the cylinder, and have marked on them, in order, 
the alphabet, a dot, and dash, or rather a space of the length of a 
dash (Fig. 61) ; they ore kept in a horizontal pisilion by springs ; 
there is a cam or stop Axed to (he under surface of each key, 
directly over one of the projections on the cylinder; theae stops 
do not niCet ibe teeth unless the key u pressed down, which being 
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done, the motion of Iho cyliiidPr U flopped by llieir contncL B^^ 


making llie circuil-wheel revolve, llie circuit is rapidly broken 


and closed, wliidi continues until a key is depressed; tint key 




anotbec key, and so on ; Ihu depression of a. key either keeps llie 


circuit broken or closed, an it may happen to be at the time, so 


tliat tlie operutor does not break and close the circuit, but merely 


keeps it sialionarj for a moment. From ooe to twenty-eight open- 


ings and closings of the circuit take place between the depression 


of two different keys, or 






prcssion of the Game one : 








the object of tlie compos- 
ing machine is to rapidly 
break and close the cir- 
cuit as many times ns 
tliere are apuces from 
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uf this magnet is an 
intensity coil, conlnined 
id the sleel cylinder, A. 
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Fig. 61, in the upper 
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case ; its axis is vertical. 
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helix, and Autencd al llie boltom by [lie Bcreiv D. To tlie 
Inner surTuce of this lube are soldered sis or eiglil soft iron lubes, 
sepnrutcd from encli other at regular intervals. Above llic iron 
cylinder is *n elliiilical ring, F, through the asis of which is ex- 
tended an elastic wire, G; tnu screws are attodied to ihe wire, 
\>j which it is miule lax or tense, to suit the inlensil)' of (he 
electric current. From this is suspended the brass rod, C, lliot 
passes down within the email iron tubej before mentioned, and 
has strung on it six or eigiit small iron tubes ; these are fastened 
at ei^ual intervals, and have their lower extremity expanded into 
a bell-like flange ; the surrounding fixed onea have their upper 
ends enlarged inwardly in the same manner. The tubes and 
the wire to which they are fastened are movable, so as to come 
in contact with ihc small exterior iron tubes, K, but are kept 
separate by the elastic spring above. At E is the bnws cov- 
ering. On the tnmsmiasiun of an electric current throngh the 
helix, the tubes become magnetic. Such is the arrangement of 
their jtolarities, tliat they act by attraction and repulsion, over- 
come tlie ela-sticity of the spring, and bring the movable magnets 
down to the fixed ones ; — the current being broken, the spring 
separates them. Tlie two flanges do not come in direct eoutacl, 
though the movable one acts responsive to magnetic influence. 
Slost of the magnetism exists at the flanges, and the order b 
such that llie lower end of the inner tube has south polarity, the 
surrounding one above, the same, which repels it, while the top of 
the surrounding one below has north polarity, and attracts it ; this 
movement is tlirough a space of only one sixty-fourth part of an 
inch. 

On the same rod, above the movable magnets, is fixed n hollow 
cylindrii'4il valve, having on its outer dreumferenee the grooves 
1, 3, 3, Fig. G3. The plate represents a longitudinal half-section 
of the valve, magnets, and hehx. The vulvc slides in an air- 
chamber, }{, which lias two grooves, I, 2, on its inner surface. 
Air is admitted through the orifice 1, by means of a pipe from 
the air-chamber beneath the cose, into the middle groove of the 
valve, Tlie grooves of the chamber open into the side passages 
/and M, which connect at rigljt angles with n second chamber, 



120 liLECTlilC TELECKAPH Al'PABATrS. 

in whith a piston moves. Tie movement of [lie mngneU changes 
the apjwsition of the grooves in the first chombur, by which air 
entera iroin the supply pipe, through one of the side passnges, 
into the second chamber, ai tlie same time that air on the other 
Bide of the piston, in the second chamber, escapes buck into the 
grooves 1 and 2 of tlie valve, through the other side passage, and 
thence into the atmosphere. This causes the piston to slide buck; 
ward and forward with every upward and downward motion of 
the valve. 

This piston moves horizontally, and is connected with the kver 
8, Fig. C-i, of an eaca]}eQicnt, the pallets of which altemalely 




rest on the teeth of an cscapement-wlicel of the pri 

< part of the apparatus is arranged on a circular 
ve or fourteen inches in diameter, supported by 
; mahogany frame, H, Fig. 61, The escapement- 
wheel revolves on a vertical shaft, which passes 
through the iron plate, and Itas fixed on it there 
a hollow pulley. This pulley contains within it a 
I friclion apparatus, consisting of two brass clamps 
closing two pieces of leather moistened wilh 
I, which being pressed against the shaft by the 
I clamps, and carried around by the pulley, acts 
upon the escapement- wheel, causing it lo revolve 
constantly, while the shaft and escapement-wheel may be stopped. 
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>ne of whidij^l 
make twenty- ^^^ 



escapement-wlieel has fourteen teelh, each c 

molions of the e^cajieinent, wluoh will make 1 
eight for a eingle revolution of the wheel, which U shown i 
Fijr. C<i. 

When in operation, ibe piston to whieh ia atlacheJ the escape- 
ment ann 8, Fig. 04, is subjected, on one side or the other, to a 
pressuro of condensed air ; therefore the piston and eseajwinent 
will only be moved by the escapement- wheel when the air is 
removed from one side or the otlier of tbe jiiaton. The position 
of tbe valve, Fig. C3, attached to llic magnet, regulates the pres- 
i^ure of air on eillier side of ihc piston, by opening one or the 
oilier of the side-passages into the second chamber. By break- 
ing and closing the circuit, therefore, the piston and escapement 
move backward and forward ; thus a single revolution ol' the cir- 
cuit-wheel at one station opens and closes the circuit twenlv-eight 
time^, causing an equal number of movements of the magnets in 
another station ; tliey carry the valve which alternately changes 
the air on either side of the piston. This permits the escapc- 
ment-wbecl lo move the escapement and piston twcnty-eiglit 
lime;:, and allows one revolution of the escapement-wheel for one 
of the circuit-wheel at the transmitting station. 

A steel type-wheel, A B D, Fig. 64, two inches in diam- 
eter, is fised above, and revolves on the same shaft with the 
escapement- wheel ; it has on its circumference Iwenly-ciglit equi- 
distant projections, on which are engraved, in order, the alphabet, 
a dot, and a duslu Tbe fourteen notdies of the escapement- 
wheel cause iwenly-eiglit vibrations of llie escapement in a revo- 
lution, which correspond to the characters on the tj'pe-whecL 
Every vibration of the escapement, therefore, makes the type- 
wheel advance one letter ; these letters correspond to those on 
the keys on the composing machine. If any desired letter on the 
type-wheel is placed in a certain position, and a corresponding 
key in the composing mncbine is depressed, by raising that key 
and again depressing il, the circuit-wheel at one station, and the 
escapement and type-wheel at the other station, all make a single 
revolution, which brings that letter to its former position. Any 
other letter is brought to this position by pressing down its key 
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ki liic composing tnaeliine, the circuit being brokon iui<I closed j 
mnny limes as there are leitcra belween the lust one Inken and 
the letter desired. 

To form the letters into word^ it is necessary that the printing 
and composing machines ehould correspond, and for this pur|>09c 
n Biiiall break and thumb-8i.Tew, 9 and 10, Fig. 64, can bo mode 
to slop the type-wheel at any letter. In sending messages they 
usually commence at the dasb, or 8[)acc ; if, by accident, the type- 
wheel ceases to eoineide with llie dist.int composing machine^ the 
printing becomes confuBed, the operator stops the tj-pe-wheel, sets 
it at the dash, and the printing goes on as before. 

Above the type-wheel, on the same shaA, is the letter-wheel 
£, Fig. 64, on the circumference of which the letters arc painted 
in the same order with lliose on the type-wheel below. It is en- 
cased in a steel hood, liaving on aperture In it directly over where 
llie letters are pnntef I, so lliat when tiie type-wheel stops to print 
a letter, the same letter is made stationary for a moment at the 
aperture, and is readily distinguished; hence messages can ho 
read, thus making it a visual as well as printing telegraph. 

CM* late yean the hood has been discarded, the operator finding 
no difficulty in reading from ibe wheel, with nothing to guide the 
eye except the Imbil, which long piitclico luts rendered very 
acute, of fixing the eye upon an imaginary point, which when the 
wheel stops always reveals the proper letter. An ojierator will 
read a despatch coming at the rate of 3.800 words an hour in 
this manner, while an inexperienced i)crson could see nothing but 
a confused mass of revolving letters. 

The type-wheel has twenty-eight teeth arrange*] on the outer 
edge of its up|>er surface ; near it, on the opposite Bide from 
where llie printing is done, is Uie shaft T, Fig. 64, rcToHng in 
an op(iosite direction. A steel cap. A', two inches in diame- 
ter, is so attached to the top of tliig shaft thai frictiMi carries 
it along with it, but it oan be moved in the opposite direction; 
it has a small steel arm, three fourths of an inch long, projecting 
from its side, and playing against the leeih on the type-wheel i 
while tlie latter is involving, its teeth strike this arm, and give 
the cap a contrary motion to iu shaft. There is a pulley on this 
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gliiid, below tlie plale, connected by a band to .1/, Fig. Gl ; itt 
g|iec<l i$ loss lha:i lliat of tlie lypc-wliecl. When the tj-pc-whcel , 
cumes lo rest, llie arm fiills bolween (Itc teetli, but it has not time 
to do »o wlien they are in motion. On tlie opposite eido of lbs 
cap lo where llie unn i^ altachcd are two raised cdgcf, called de- 
tent pin», againiit wliicli the detent arm U, Pig. f>4, allematoty 
rests, 03 the position of ihe cnp a altered by the small ana iturt 
plays on ihe Icuih of the type-wheel. 

Between die lype-wbeel and cap is a small lever and tbltmtK • 
screw. St, Fig. C4, whieh acts as a break on the cap; its motion 
can bo stoiiped by it wbito the ty|>e-whoel revolves; it b UbwI i 
merely lo arrest the printing, though the message may be T 
from the letter-wheel. 

The detent arm revolves in a horizontal direction aboDl the 
vertieal sfaan, which is aUo driven by a pulley beneath the steel 
plate; when the type-wltecl is at rest, the detent arm rests on 
one of the detent pin^ but when tt moves, the teeth on its upper 
Kiirfocc give the arm and cap a revere direction to its shaft, 
whieh altera the position of the detent points, so that the detent 
arm is liberated from this first pin and falls upon the second, 
where it remains vntil tlie escapement and type-wheels agtun 
come to rest ; when this happens, the arm fal\i lietween two of 
the teeth, the cap resumes its first position, the detent is let loose, 
makes a revolution, and slops again on the first pin. 

The sliaft that carries the detent arm has on it, above tlie 
arm, an eccentric wheel, R, Fig. C4 ; that is, a wheel liaving il 
axis of motion nearer one side tlmii the otlier, and which while, 
revolving operates like a crank ; from this eccentric is a connect- 
ing-rod, iS^ which draws a toothed wheel against the type ; tliis 
toothed wheel is supported in an elastic steel arm (»hut out of 
view by the coloring-band), on tbc op]>osite side of the iype-wlie<tl 
from that of the ercentric, and revolves in a vertica] directioi 
the l>ond JS, Fig. CI, cnrrjing the coloring matter lo print with, 
passes between this and the type ; the dols seen represent small 
teeth that calch the paper and draw it along as ilic wheel ro- J 
volves, between il#elf and a steel clasp ojiemtol by « spring, i 
which presses tkc paper against the leclh and keeps it smooth ; 




the clasp is pcrTornted in fucli n manner ihat the type print iLrougli 
it ; ihere are two rows af tcctL, one above, the other below llie 
uiifice. 

The TeHical wlieel, Fig. 64, is embraced in a ring by tlie eotir 
necIing-ehafV >S^, and a rotary motion is imparted lo it by a ratchet 
fixed to its lower surTace, moving with it, uod catching against two 

■ poles fastened to the steel plate below it; the poles 
fire pressed against the ratciiet by springs, as shown 
in Fig. GG j the wheel is octagonal, and every revo- 
luiiun of the eccentric turns it through one eighib 
of a revolution, imd therefore presents a tinn, flat 
Ktiifuce to push the paper against tlic type, and ad< 
vuTices sulTicienlly for every letter, one being printed 
Fig. OS. f..^^]■^ ^\f^g ti,g d^ient arm rcTolves. 
liVlien the type-wheel stops, the detent arm revolves, carry- 
ing with it the eecenlric, which, through the connecting-rod, 
dmws the toothed wheel, having the paper and coloring-band be- 
fore it, against the type, and an impression is made upon ihfl 
paper; a letter is priiiled if the cireuit remains broken or closed 
longer iban one tenth of a seL-ond ; three hundred letters, in tbs 
form of Soman capitals, can be accurately printed per minute ; ths 
roll of paper, i, Fig. 03, is supported on a loose revolving wira 
framework ; on the iiame sUindard is a smiUl pulley, TI^ around 
whicl) one end of ihe coloring-band runs. 

In trnnsmilling a message, the machine is set in motion, a eig- 
n)d is given (which is simply one break of the circuit), and th<.'U| 
wilh ttie communication before him, the operator commence'' to 
pluy like a pianist on his key-board, touching in rapid suecessioa 
those keys which are ntarked with the consecutive lellers of the 
information to be transmitted. On hearing the signal, Ihe ojicra- 
tor at tlie receiving station sets bis machine in motion ; then, set- 
ting his type at the dash, sends back signal that he is ready, mi<J 
the communication is transmitted. lie can leave Ids machine, and 
it will print in his absence ; in fact, the receiving operator haq 
nothing to do but look occasionally at the strip of paper, and see 
ihat no false break has occurred to interrupt llie synchronism of 
Ihe two instruments. "Wlien the printing is finished, be leura off 
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the alrip wlui;h cnntuioa it, ood folds it in an envelope, ready to 
be sent lo any place desired. The Go('erDor'd Klessage, eonluin- 
ing 5,000 word^, has been irunsmitted by this in^lrumeiil, and pub- 
lished entire in New York, two liours atler its delivery in Albany. 
Over 3,000 words an hour of |>reiis news, partly abbreviated, are 
frequently sent over the House wires with a single instrument. 
No other instrument in the world has ever accouiplished this. 

The function of llie electric current in this inaehine, together 
with Ilie condensed air, is to preserve etiual lime in the priming 
and eompo!<ing np^mralus, that tlie letters in one may correspond 
with the other ; the electrieal pulsations determine the number of 
spaces or letters which the type-wheel is permitted lo advance ; 
they must be at least twenty-five per second, to prevent the print- 
ing apparatus from acting. The intei'vals of time the electric cur- 
rents are allowed to How unbroken are equal, and the number of 
magnetic pulsations necessary lo indicate a different succession of 
letters is exceedingly unequal; from A to B will require one 
twenty-eighth of a revolution of the type-wheel, and one mog- 
netie pulsation ; from A to A will require an entire revolution of 
tlie type-wheel, and twenty-eight magnetic pulsations. 

fl e I r sume it will hardly be expected that the pulsations of 
tl House apparatus should furnish an audible means of commu- 
1 -at on and yet there are operators possessed of sueh a won- 
derful poH r of memory and combination as to be able to read 
w th t ic 1 tj from this instrument by the sound of the type-wheel 
Most, and indeed all operators, can distinguish a few words in 
ibis manner; but Mr. Gufus Bollock stands alone, we believe, in 
■ he possession of the wonderful power of reading long eommuni- 
ealions from ihe House apparatus by ear. 

We have heard one opomlor, Mr. Luby, play tunes upon lliis 
instrument with very great success, which, coming over the wire 
a distance of some hundreds of miles, possessed a peculiar intere.it 
from their noveliy. 

The House instruments cannot work upon very long cirniils, 
herause the helices contain so large a quantity of fine wire as lo 
offer, upon long lines, too much reBislauce to be overcome by llio 
batteries used. 

11" 
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TLia might he remedied by cutting out the coils at llie inlcr- 
mediato oHice^, and this is sometimes done witli advautui^ ; but 
upoQ our main line.', where the press newa u dropped at everj' 
station, it ia desirable lo have all ihe offices receive the newa at 
the same time, so that it has been found better to divide the lines 
into partial circuits of about one bundnnl miles each, and repeat 
the comiiiunLCUlious at the several termini of tiie partial lineti. 

A Morse electro-magnet contums about half a mile of fine silk- 
wound copper wire, while a llou« electro-magnet contains from 
four lo six railw of fine wire, thus offering from eight to twelve 
limes the resistance that a Morse magnet does. 

When we lake into account lliat upon the line between Ronton 
and New York there are fiflcen stations, ami seventy-five miles of 
fine recislnnce wire (erjual to twelve hundred miles of No. 8 iroa 
wire), while the Horse line would givu but five and a half, we 
see fit once iho disadvantage the House system labors under in 
lliis respect. 

In concluding this chapter upon the House xystem, we cannot 
forbear expressing our affeclion for it, which ia like that enter- 
tained for an ohl friend. Indeed, iho instrument seems almost 
human ; for its ot>erniion is so rapid that we con express our 
tlioughts as fn.'ely, and almost as rajiidly, as hy word of moulh ; 
and llien the response comes back to us in nn instant, primed in 
plain Roman letters, — our comjianions in childhood ! Alto- 
gether, it seems a thing of life, and speaks to us in a language 
us familiar as household words. 
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;t »jslem of telegnipbing in the order of 
and introduction in this eountry is tbe Cbemicol, 
Alexaiidcr Biun, of Edinburgh. 

Mr. Bain oblaincd a patent for )iU system in England, in 1841', 
and applied for one in this counlr>- in lti49; but was refuacd, upon 
the ground of infringement upon the Mor^e patent. It seems to 
have been the opinion of llic Patent Coininiss inner tliat Kir. 
Morse Iield the exclusive right to eleclricily in any fonn in which 
it eould be used for lelegniphic purposes, and Ibat be was placed 
at the head of the Patent Department solely to mninlain it for him. 

Supposing this decision final, Mr. Bain left Washington to 
return to England, but was met in New York by Mr, Henry 
O'Reilly, who induced him lo appeal to the Supreme Court. 
He dill so, nnd ihe decision of the Commissioner waa overruled, 
and Judge Cranch ordered a patent to be issued to him. 

Immediately u[>on tlic granting of this patent, t 
public-spirited and enterprising merchimls of Nei 
Boston set themselves nt work to build an oppo^iiliou 
New York and Boston, lo be worked U[Kin Ibis s; 
monopoly which had existed since the telegraph linei 
first established was m unpopular, that the cunslructiou of lliia 
lino was hailed as a public blessing. 

The line was completed in tlie autumn of 1649, and tlic lorifl' 
between tbe two dties reduced from fitly lo thirty cents for ten 

The line worked admirably. — better than any had priiviously 
worked in ihis eounlrr, — and business increased so fast, that it 
leeessary to put up a second wire at once. In the mean time, 
working upon this spilem were eonstnieted between New 
York and Buffalo, between New York and Washington, between 
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New Orleans, Louisville, anil Cincinnati, belveen Ilaston and 
Uonltva], luid between Boston and PortlanJ. 

From lliis date a new era Beemed to open in tlie telegraphic 
world. Business increased rapidly; tariffs were reduced; lines 
improved in reliability, and public confidence began to be secured 
for the first time. 

Early in the winter of 1849, the propriclore of ihe Morse patent 
commenced suits for the infringement of ibeir patent against llie 
New York and Boston, and the New York and Washington, Bain 
lines. These suits were kept in court for nearly three years, 
when it was clearly evident, if lliey were prfissed for decision 
upon the merits of the ca«e, the Alorse patent would be destroyed, 
and the cyslcm thrown open to llic world. This result was, of 
eourse, not to be desired by either party, atul they therefore 
agreed to consolidate their lines and use but one patent. Tlie 
lines thus consolidated between New York and Boston were 
called ibe Union Lines. They now use the Sforse system, aa 
tlicy nko do upon all the other consolidated lilies. There is at 
present but one Bain line in oj)cration in this country, — the one 
from Boston to MontreaL 

The Bain system, if not the simplest, is one of (he simplest 
forms of telegraphy ever worked. No magnetism is used, and 
only the chemical effects of the electric current are necessary. 
A metallic disc, carried at a regular uniform ralo of spoed by 
cloek-work, receives a sheet of prepared paper (Fig. G7). Upon 
the paper rests a screw-plate, which serves to guide a jwn in 
regular spiral lines from the inner to the outer surface of the 
disc. The circuit is what is known as iho "open circuit," — ibiit 
is, the key which throws ihe currenl from ihe battery upon ihe 
tine is always open when a mesMge is being received from a dis-' 
lant Hlation, and Ihe current passed through the chemically pre- 
pared |»iper lo the earth, without uinimg with the home battery. 
Each sbition is furnished. with its own balienr-, Ihe negative pole 
of which is invariably connected with the eurlh, and the positive 
pole, by the depression of the key, with the line. 

The paper is prepared with a solution oVci/amde n/jjolamiim, 
made ofler tlic following recipe : Six parts prussiate of pobwj^ 
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wdl insulated, will decompose the aalla, and, aniting with the iron 
Gtylus, IcHvc a light blue mark upon the paper at a distance of 
two hundred and thirty miles. Tlte positive pole only produc 
a colored mark ; the uegalive bleaches the paper. 

The cctU, or alarum, commonly used on the Bain lines, is rep- 
n Fig. C8. It consists of a U-ehoped receiving magnet, 
placed horizontally on the board, with two helices of wire i 
rounding the legs. An armature, supported on nn upright bar, 
so as to form a croas, is seen In the figure before the poles of the 
magnet This is held back by a dcGcate spiral spring, graduated 
by a screw, which is also seen to the left. Above nre two circu- 
lar plates of glass. The upright bar, armed with two little 
knobs, lo perform the part of a liammer, rises between these 
plates. When the armature is drawn to the magnet, it strikes 
one of tbem, and on bciog drawn hack it strikes the other. As 
they ore of difl«rent lone, the repetition of this signal at once 
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draws attention to the register. The duty of the operator is then 

to act tlic elock-work in motion, and receive the message commu- 
nicated. This instrument 
can be used also as a re- 
ceiving magnet, by pla- 
cing a platinum point on 
the upright bur or pen- 
dulum, and a little platU 
Dum di^>e immediately in 
front of it, BO counccted 
tliat the interval between 
(he point and disc shall 
constiiatc the break in a 
local circuit, an additional 
pair of screw-cups for the 
alta4:hment of vrbich may 
r^ c». ** *^" "P**° '''*' baae- 

Iward. When the anii»- 

turc Approaches the electro-mognel, it closes the local circuit, and 

when it recedes it brenks iL ThU is essentially the receiving 

instrument of Morse and others, 

This call is similar in purpose or principle to those uW by 

Snemmering in 1811, Schilling in 1831, and Henry, Stciuheil, 

luid WhealMuc in 183G and 1837. 

The receiving magnet, in its improved form (Fig. GO), used for 

the purpose of combining 

or connecting circuits, is 

clotiely allied in its con- 
struction to tlie call, and 

may tbcrefure be described 

here, tliough already re- 
furred to in connection with 

Iklorse's telegraph. The 

nrmnturc is mounted on an 

npright bar, and is seen 

forming part of the cross 

just in front of the poles of the horiiontal dectro-magnet, sur- 
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roundeil with helices of fine wire. The long or tclegmphic circuit 
ia connected with tlieae helicea by means of two of the screw-cups 
OH the boRnl. When the current flows, the ammture is attnwied 
to the magnet, aud the upright bar ia brought in contact with the 
end of the horizontal screw, seen at the top of the instrument 
This compleKw a loeal circuit, or branch circuit from the main 
battery, the conductore of whicli are connected with the instru- 
ment by means of two other screw-cupa, seen on tlie right of the 
board. Tlie points of contact of the upright bar and screw are 
protected from oxidation by the use of platinum. 

The alpliabet used by Bain is ihe same in principle witli that 
employed by Dyar, Steinheil, and also by Morse, coiiaiating of com- 
binations of dots and linea. AVe give on the next page the combi- 
nation of tlie dots and lines as they were used u{>oti all the Bain 
lines in tliis country ; and as they are still used upon the only 
remaining line using this system, and npon the Fire Alarm and 
police telegraph system of Boston. It will be observed that all 
ihe letters begin %ilh dots from A to O, at which point they com- 
mence with a line, and so continue .to the end of the alphabet. 
The numciida also possess the same peculiarity, and, it will also 
be noticed, each numeral contains exactly five characters ; thus, 
a dot and four lines for 1 ; two dots and three lines for 'i ; three 
dots and two lines for 3 ; four dots and one Une for 4 ; five dots 
for 5, &c 

When there is no electric current upon the wires, llie pen leaves 
no impression upon the paper ; but the slightest current will pro- 
duce decomposition, and the color of the mark depends upon the 
strength of the current 

Id this system no local circuits are necessary, the battery 
current which traverses the long line doing its own work u|>on 
^ the paper, without the intervention of any other force what- 
ever. There is a disadvantage, however, in the use of this 
telegraph, with a simple circuit, where it ia desirable to register 
the game communication at a number of different places, as tlie 
interposition of the paper, moistened with a saline solution, eomc- 
what obslnicts the current The receiving magnet and regialer 
used by Morse present a metallic coaductor for the curreut 
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brougliout, and ihcy can therefore be multiplied witluiut sorioua 
OSS. To comiiensBte tliia diead vantage, a system of branch dr- 
uiu nt way slaliocw Las been devised in connection with tlie Bain 

[ilncvs lit the fame time. Morsc'g iiulrament requires Hie lime 
lOcen by tlie molioo of the oniiaturo to mal^ecach mark. The 

idvantage where inerhonical means are used to complete iin< 
ireak the circuit with great rapidity for the purpose of riipit 
jommunicalion. 
Tlufl eystcm boa some advantage* over any other which fan 
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BAW's electr(m;hemical telegraph. 

ever be«n used in this country, Dot ihe least among wliich ia ftS^^ 
abililv to work ibrougli a heavy thuniler-Blonn, which none of ibe 
other Bjslenis i-an do without considerable danger boih to ihe 
opi^nilora and the instruments. Another very considerable ad- 
vanliige which it possesges, ig its ability to work over a greater 
"escape" than any other. We have known tbe line between 
Boston and New York to do business during a heavy min-stonn, 
nilh the wire actually lying upon the ground 1 This was accom- 
plished in the foUowing manner. Each Elation transmits with its 
own battery without aid from any other ; therefore, there being 
no intermediate battery, if New York got any current, it must 
come from Boston ; and by putting on a battery of one hundrwd 
and thirty Grove cups, intelligible signals could be produced upon 
Ihe New York instrument, notwilhslaoding there was a heavy 
northeast storm ragmg at the time, and the wire lay upon the 

This Byslem is capable of working a greater distance, without 
the aid of relays, than any other, and of working with a smaller 
battery. We have worked well between Boston and New York 
with but ten cupsof tlie Grove battcry.al! told; and have worked 
well between Boston and Butlalo, via New York city, without the 
intervention of repeatcw or auxiliary batteries. 

But with these numerous advantages over the other systems 
there are eome disadvantages. No other system is so much 
troubled by magnetic storms, — such, for instance, as the nurom 
borealis, which always renders operation dilficull, if it does not 
suspend it entirely. Then, again, the prepared pa])cr is un- 
healthy to brealhp, and Ihe fine spiral lines upon the paper are 
injurions to the eyes. But it must be conceded that no other sys- 
tem of telegraphing, or at least no other lines, ever posscfised the 
conlidence and good-will of the public to such an exient as these. 
It is. doubtless, as mnch owing to the result of good management 
upon the part of iho proprietors of these lines, as of any peculiar 
excellence in the system. 

In Ihe above descriplion of the elect«H>hemicnl lelegmph, 

rented by Alexander Bain, we have confined ourselves to the 

■m under which his admirable systein worked u[>on the leading 
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lines ID Ibia couDliy, from 1849 to 1832 ; but it would be doing 
Mr. Ua'tn a umiiifest injuslice not to mention Lis method for ra|iid 
writing, whidi, in ibeory, could transmit intelligence with the 
greatest accurau^ at the astonishing rote of five tlioiisMid words 
per hour; or, to compare the system with otJier rceording «vs- 
tcms in use, twice as fast as llie House, over three times us fust 
as the Morse luid Hughes, and eight times as last as the needle 
lelegmpli of Cooke and Whealatone ! 

To ac<x>mplish this wonderful result, he caused long strips of 
narrow paper to be perforated with arbitrary cliaracters, resem- 
bling those use<l u|>on the Morse lines. A small hand-piincb 
taslened lo a table enabled the operator to prepare the paper with 
great facility. When so prepared, it was passed between two 
inBulated rollers, one of which connected with a battery, and the 
other with the earth. In connection with the upper roller is a 
email mctallie comb, whose teelh pass through the perforations 
in the punched paper, and, coming in contact with the under 
roller, complete the circuit. It is only nece-ssary to have, upon 
the receiTiDg instrument, the paper prepared with the solution of 
cyamVfc ofpolauium, and the stylus resting upon its surface, the 
paper cariied at the same rate of speed as the transmitting 
instrument, and you have, at the distant station, a correct ftu^- 
timile of the copy lo be transmitted. To show the importance 
of this invention, we will supjiose tlie system to be in operation 
between Boston and Halifax. A steiuner arrives from Kurope, 
and a despatch of three thousiiui(l words has been mode uji on 
board, and the whole composed upon the slip of |>aper in these 
arbitrary ehnraclers. No sooner does the steamer arrive at the 
wharf than the despatch is handed into the telegraph office, and 
in a tittle over thirty minutes the entire despatch is in State 
StreeL 

This is no imaginary, fanciful sketch, but ts what can be ]>er- 
formed u|ion the arrival of every steamer, with just as much cer- 
tainly, correctness, and case as we can transmit a letter to New 
York through Uncle Sam's mail, or a telegnm over the wires at 
the present rate. Or, wc will suppose a speech to have been 
delivered at twelve o'clock in Washington ; a corpi of operators 
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prepare iha copy, and, in thirty minulea, it is re«ily for the press 
in Boston. Let tliix Byslem l>c introduced, &ad the imnginatign 
revel nmong marvellous accomplishments as it will, it cannot 
exceed the actual results which will be obtiuned. 

Tlie question which will be at ODce raised by the reader is,. 
Why, if this is practicable, has it never been accomplished ? 

We will exphiin this seeming conlradietion. At the lime Mr. 
Bain introiluced his rapid system to puhlia notice, there was no 
governor capable of regulating the speed of an insiruraent which 
should iDaVe the number of revolutions necessary lo accomplish 
this great result. Mr. Bain endeavored lo use the pendulum and 
escapement, but tliese could not be mode to vibrate with sufficient 
rapidity to accomplish the result. In 185S, Mr. Hughes invented 
B spring-governor, which, were it applied lo the invention of Mr. 
Bain, would enable it to produce all tlie results which I have 
pointed out. In the succeeding year, I8aC, Mr. G. M. Phelps, of 
Troy, an exceedingly intelligent mechanic, and well versed in thu 
application of electricity U> telegraphy, invented an electro-mag* 
neiic governor, which can be applied to n machine so as to regu- 
late the speed at from one hundred to two hundred revolutions per 
minute. Two muchincs, with these governors attached, will run 
together for hours without the variation of a second ! In describ- 
ing the combination instrument, at present very successfully 
worked upon the wires of the American Telegraph Company, we 
shall liave occasion to describe the modut operandi of this beauti- 
ful invention of Mr. Phelps. For our present purpose it ia 
enough to show, that, were Mr. Phelps's invention applied to 
this instrument of Mr. Bain, it would enable it lo take the 
lead of every other system in the world for correctness, rapid- 
ity, and economy in the transmission of inteUigence by the electric 
telegraph. 

A great number of chemical telegraphs, based upon the prin- 
ciple of Mr. Bain's, have been devised, two of which we will 
briefly mention. 

Mr. F. C. Bakewell, of London, brought out, tn 1850, an 
apparatus called the Copying Telegraph, by which despatches 
were transmitted in the hondwritmg of correspondents. The 
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aiivantnges of ihU mode of (nuismiasioo are, that the o 
cations may he aullicniicated by tho recognized signatures of the 
parties by whom they are Bent; and aa the wriling receircii is 
traced from the original message, there can be no errors^ of tmns- 
mission ; for every letter or mark mode with the pen is trans- 
ferred exactly to llic oilier instrument, however distant. 

The de«ipateh is written on tinfoil, with a pen dipped in var^ 
nifih. The letters thui written form on the conducting mclal sur- 
face a number of non-conducting marks, sufficient to interrupt the 
electric current, though the deposit of resinous matter is m slight 
as not to be perceptible to the touch. 

The message on tinfoil is fixed round a cylinder at the trans- 
mitting instrument, which instrument is a eounIeq>art in its me- 
chanical armngi-ments of the receiving one, and ciiiier of them 
may be useil to transmit and receive messages. A melal style in 
connection with the battery presses on the tinfoil, and is carried 
along by an endless screw as the cylinder revolves, exactly in 
the same manner as the steel wire that draws lines on the paper 
on [he receiving instrument. The Tarnish writing, when it inter- 
poses between the style and the tinfoil, slops t)ie electric current ; 
consc<iuently, at every part where the electric current ia stopped 
by the varnish at one insinimeni, the steel wire ceases lo make 
marks upon the paper at ihe other sialioii. Both cylinders are 
BO regulated that they rolaie esiwtly together; therefore the 
successive breaks of the electric current by the varnish letters 
cause corresponding paps to be made in ihe lines on the pagier ; 
and the succi^ssion of these lines, with their successive gaps 
where the letters occur, produces on the paper of the receiving 
instrument tiie exact forms of the letlere. The letters appear of 
a while or pale color on a ground of blue lines, there being about 
nine or ten lines drawn by the wire lo make one line of wriling. 

M. Caselli of Florence has been engaged for some years uj>on 
n new electro-chemical telegmph, which he lias named Panlo- 
grttphic. This inslrnment rcproilocea upon ordinary paper, in 
colored cliaraeters, a perfectly exact image (a far-tiiniU) of the 
writing, or of any design, that is required to he transmittal from 
o&e elation to the other. Tlie dcspoleb is written upon ^ufoil, sa 
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in Uie COM of Bakeweire, but the copy, instead of being vhitfl' 
u|K)n n blue gmund, is blue upon a white ground. By means uf 
ft peculiar coiubinutioD, which conatitulcd one of the most orij^nal 
and ingenious parts of M. Cuselli's telegraphic system, the alter- 
ation in (he intensity of the current, produced by the rcHiatauee 
of the ink to the passage of the electricity, — greiiier than that 
which is presented by the metallic surface of the paper, — brings 
about a reversal of polarity in the point of the receiver. From 
having been negative, it becomes positive, nhich produces upon 
the paper a coloring, whence thi;re results an assemblage of 
colored lines and [Mints, which reproduce the perfect image of 
ibo original despatch. The inslanlaneous reversal in the direc- 
tion of tlie current produces a chemical effect so rapidly that the 
most delicate traces of writing and drawing may in ihis manner 
be reproduced immediately. The peculiar method by which M. 
Cnselli accomplishes this instantaneous reversal of polarity he will 
not make known, and it has excited the interest of many philos- 
ophers in Europe, and among them De la Rive, who says : " It 
would be desirable that M. Caselli should make known the com- 
bmation by means of which he obtains this result, by which ha 
succeeds in so instantaneously reversing the direction of a current, 
in such a manner tliat no appreciable time elapses between the 
passage of the current in one direction and its jiassuge in the con- 
trary direction, as it might, in lis applicittion, lead lo very inter- 
esting results, particularly as far as concerns the relations that 
exist between the molecular constitution of bodies, and the efTecls 
that arc produced upon them by the transmission of electricity." 

We do not know whether we have discovered M. Caselli's 
method or not, but we have accomplished ihe results obtained by 
him in the following manner. At the transmitting station we 
place in the circuit of a long telegraphic line n battery of twenty 
of Grove's cells, with the negative pole lo the line ; and at ibe 
rew^iving station a butlejy of three of Grove's cells, with the 
positive pole lo tlie line. Now, when no obstacle intervenes, the 
larger battery neutralizes the smaller, and, its current being nega- 
tive, leaves no mark upon the paper ; but when the pen-wire, 
which forms a porUon of the circuit, cornea in contact with the 
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writing upon the cylinder, a great resistance ia ofiered, which 
euablea tlie snittll buttery at the receiving station lo tome into 
ttction and record upon the i>u|«;r just eo long as the inlt mter- 
|)0S(» the resistance to the lurge Lnttcij. 

Dr. Lardner gives an account of a very remarkable lele- 
grapliic itat wliich he wimeased in Paris some years since, and 
which, we presume, must have been accomplished by Ilain'a fasr 
method. The following experiment was prepared and i)erfurnied 
at the suggestion of M. Leverrier and Dr. Lardner. Two wires, 
extending from tlie room in which they operated to Lille, were 
united at the latter plac^, so as to form one continuous wire, ex- 
tending to Lille and back, making a total distance of 336 miles. 
Thia however, not being deemed suffieienl for the purpose, sev- 
eral coils of wire wrapped witli silk were obtained, measuring in 
their total length 746 miles, and were joined to the extremity of 
the wire returning from Lille, thus making one continuous wire, 
meaauring 1,062 miles. A message conaisling of 282 words was 
then transmitted from one end of the wire. A pen attached to 
the other end immediately began (o write the message on a sheet 
of paper, moved under it by a simple mechanism, and the entire 
message was written in iiill in the presence of the committee, 
each word being afielled completely, and without abridgment, in 
Jtfty-lmo second*, being at tlie average rule of Jive words and four 
tenths per second I 

By this instrument, therefore, it is practicable to transmit in- 
lelligence to a distance of upwards of one thousand miles, nt the 
rale of 19,500 words per hour ! 



THE KUOHES SYSTEM, 



CHAPTER IX. 



THE HUGHES SYSTEM. 



Aftee ten years of perscTering liibor, Mr. Dnvid E, Ilughex, 
of Kentueky, producetl, in 1855, a printing inBtrument npon 
entirely new principle, which, for simplicity and ability lo woric 
upon long circuiu, ia unriTalled. A patent was obtained 
country in 1855 and in 1858. 

This insirument belongs to the eynchronous class of clcctio- 
mogneiic printing telegraphs. It is unlike any other rei.'ording 
telegraph, alLhnugh in its general appearance it resembles the 
House. Tlie resemblance, however, goes no further. There is 
also a resemblance, in the idea merely, to the lelegmph invented 
by Francis Ronalds in 1817, which we have briefly described ia 
a previous cliapter. To avoid miitapprchension, we will [>oint out 
here in what tlie resemblance consists. 

Bonaldi>'s machines were carried by clock-work ; set to the 
same time, and run together. The letters were placed upon the 
face of a dial, which conlainc<l an aperture tliruugli which one 
letter only could he seen. When the letter whicli it was desired 
to transmit appeared at the apcriare, an electric discharge an- 
nounced the fact by deflecting a small pith-ball. Hugnetism was 
not, at that time, sufficiently developed in theory even lo be 
made use of for telegraphic purpose^i. In fact, it was not until 
1830 ilint Ampere proposed a system of telegraphy, which con- 
sisted in employing the instantaneous action that is exercised upon 
the inagneti:!eil needle by the current. 

Now Mr. Hugliea has made use of the synchronous idea of 
having the machines run together ; only, instead of the pimn 
dock-movement and the pendulum, which would be altogether 
loo slow, ho has invented a very ingenious contrivance, called a 
epring-govemor. This is nothing more than a vibrating spring, 
which depends fur its action upon a well-known law of acous- 
tics ; namely, that a certain number of vibtoAicrtw, -^t sRsjawi.'^jeii* 
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duces a certain musical tone ; consequently, if there are twi 
more springs of llie Munc tone, ihey Invariably give the same 
number of vibratdona per second. These springs, by their vibra- 
tions, control nn escapement, which regulates the si>eed of the 
instrument ; and all springs of similar tone must revolve in the 
same time. Therefore, if all the instrumenls upon a telegraph 
lino are set to the same tone, they will all run t»>gether, with 
almost as much accuracy as so many finely balanced chronome- 
ters. The lypc-whcel resembles that of tlie House instrument in 
form and fiishion, but is entirely different in application and move- 
mcDL Instead of stopping for the letter to be printed, ns in the 
House instrument, it prints the letter while in motion, anil while 
actually performing one hundred and thirty revolutions per min- 
ute! It alw prints the letter with ink upon the pajwr itself, 
instead of, as in the House, pressing the blackened ribbon against 
tlie paper. 

Like the House instrumenl. it has reduced the labor to be per^ 
Ivrmed by the electric current to the lowest possible point ; but, 
unlike the Houh^ which requires seven vibraljona upon an aver- 
age for each letter, — or the Morse, which is bused upon the 
number of waves sent, ns well as the length of time occupie<l in 
sending them, and which upon an average requires three and a 
half, — this system requires but one. It had long been consid- 
ered a desideratum to print a letter at every impulse ; but noth- 
ing approaching it hail ever been obiaine<l until tho production 
of this incomparable instrument by Mr. Hughes. 

By a combination of the natural magnet and the electro-mng- 
net, &Ir. Hughes has obtained one of remarkable sensibility ; the 
mere contact of a piece of Kinc against a cop])er wire being found 
gnflicienlly powerful to work it with fad lily. 

The vibruting spring has attached to it an adjusting bar, which 
con be set to make any number of vibrations ; but ilie usual 
number for ordinary purposes of business allows one hundred 
and twenty revolutions of the lypc-wheel per minute. The 
type-wheel always starts from tho dash ; consequently, >f the 
type-wheels all along the line are started fWm the same point, 
and run nt precisely the same speed, making csaclly the same 
number of revolutions per minute, it follows that tlie same letter 
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must present iUclf ia ibe Eame ]ilace npon all the iTpc-whcels ia 
CommuaicalioQ at (lie some moment. Behind the tyjit'-wbeel 
iLere ia a suoll jiresa, so arranged Lbut, wLcn it is thrown in con- 
nection with the type-wheel by the prqjettiug arm uf a revotviag 
cam, it ollowa but one letter to be tnailc, and (ben falls back to its 
original |x>:«ition, until again thrown in connection by contact with 
another arm. The printing com, which is propelled by friction, 
ia held by a small detent attuclied to (he keeper of tlie combina* 
tioii-magnct The keeper, when released from tite magnet, ia 
carried bock by a spring ; and (he only service performed by the 
electric current ia to noutraliee the magnetism in the na(ural 
inagne(, by cau^iug mugnetiiira of an opposite jH>liirity to be 
created in the poles of the electro-miignet. Aa we have men- 
tioned above, so extremely sensitive is this magnet thua arranged) 
that a piece of zinc plikced in contact with a copper wire has been 
bund powerful enough to work it with ease. 

T1iis would seem to be reducing the necessary power of thft 
electric current to a wonderful point; but when we come to add| 
that it takes but one wave of this exceedingly delicate badery tti 
print a letter in plain Roman character, the feat becomes {«rfectly 
marvelloua. Indeed, there is nothing in the whole range of 
electrical science so surprising as the accomplishment of this 
wonderful result. If the question had been asked of the best 
mechanic in the world, if he could make two machines which 
should perform one hundred and twenty revolutions i)er minute, 
and run together so aa not to vary for two hours to the twentieth 
part of a second, we fear he would have replied that the thing 
was im[K)seible ; and yet Mr. Hughes has accomplished more than 
this, — he has run his instruments up to one hundred and foctj i'' 
revolutions per minute, and continued lliem in openition all dajr 
without a change of adjustment. 

The key-board contains twenty-eight keys, like that of tba 
House, and is operated upon in the same ntonner. Suppose R 
cylinder to contain twenty-eight B|>aces, arranged around the dr> 
cumference at ei|ual distances, and a peg upon the end of each, 
key to be so arranged that, upon being depressed, it should Im 
able to enter the space allotted to it ouce during each rcvoIuEioaft 
that, upon entering the space, it should dwa v\ift i£vt>sa!i-, "iMfc 
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by closing the circuit it ehonU release the magnet-keeper, and 
that by such release the detent should become detached from the 
revolving cam, which in revolving should thron' the press against 
the type-wheel, and take off a letter. By following out this sup- 
position, you have the whole mystery of this wonderful instrument 

The armature, or keeper of the magnet, ia restored to its 
place by means of a lever, which acts upon it at the moment it is 
pulled away from the electro-mngnct poles by the spring. 

This system requires but about one tenth of the buttery power 
require"! to work the House system, and perhaps one third that 
of the Morse. The instruments are run by a weight, which ia 
wound up by a. treadle. It might, perhaps, be imagined that the 
machinery necessary to produce resulla so remarkable should be 
of a complicated character ; such, however, is not the case. The 
machinery is very simple, consisting mainly of four clock-wheels 
used to turn the type-wheel, ciivu it-wheel, and printing-cam. 

There is no other system capable of working upon eo long a 
circuit of wire without the aid of repealers, if nil that is said of it 
by its friends is to be credited ; but upon this point we confess we 
have not yet seen sufficient evidence. 

We do not, liowever, see the practical benefit to be gained by 
a system wliich can be worked at a greater distance than the 
Morse. The businesa over any line, even in this extensive 
country, is mainly conHned to {winta of less than three hundred 
miles opart. It would be desirable, doubtless, to have direct 
communication between Boston and California ; but even if 
(here were systems capable of reaching that distant point upon 
a single circuit, the insulation, unless greatly improved upon our 
present lines, would never allow a current to reach there upon 
one circuit. But this mailer of insulation is one of vital impor- 
tance, and will be treated upon in another cliapter. 

There is one more point in the splendid achievement of Mr. 
Hughes which should not be passed over in silence, although of 
no practical value ; and tliat is his nrrangement for working both 
ways over the same wire at the same lime. This, however, haa 
been accomphshed in Europe by several ingenious electricians, 
namely, MM. Ginll, Wartmann, Siemens, Halske, and Edlung, 
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wlio have solved the problem of llie Iransmisaion of- two or more 
(lediMttclies over iliu Hame wire at the same time, by processes 
entirely different. 

An ingenioua electrician in this city prepared a modification of 
MM. Siemens and Halske's invention, which was designed to be 
used upon the Morse lines. It was tested between this city and 
Portland, and found to work well. The operator at tliid end 
of the line actually sent deapntches lo Portland at the same 
instant that the Portland operator was sending a despatch lo 
Boston over the siune wire! 'Die despatches did not interfere 
with each other in the leasL But, as we remarked before, 
there ia no practical benefit to be derived from tliia. It would 
require, of courae, a doiible force of operators to work a wire 
in this manner, and there are always questions to be asked 
back and forth, which would cause confusion if Ibey had to pass 
from ihe sender to the receiver, and viea versa. Besides this, 
a finer balancing of batteries upon the line would t)e necessary, 
to accomplish this result, than could practically be obtained. 
The experiment, although extremely interesting, is of no practical 
ntility. 

The cost of a Hughes inalniment is about one hundred and 
thirty dollars, — varj-ing according lo ihe maker. The cost has 
heretofore been augmented by Ihe experiments which have been 
made, and the numerous improvements suggested. It will, of 
course, become cheaper whenever a settled jdan shall be agreed 

The system is easily learned, — a man of quick apprehension 
becoming quite an enperl operator in a few weeks. 

Altogether, Hughes's printing telegraph is entitled lo be con- 
aidcTed one of the greatest inventions of Ihe age, nnd. had he pre- 
ceded Morse, House, and Bain, it would Lave entitled him to Ihe 
first place among inventors. 

Mr- Hughes is conliJenl that his instrument would have worked 
through the Atlantic Cable. Had it accomplished this, it would 
have ranked as the Qrsl recording telegraph in the world, per- 
forming what no olher recording inslniment could possibly have 
achieved. It is, tiiercfore, much lo be regretted (hat Mr. Hughes 
did not liave the opportunity lo make the trial. 



CHAPTER X. 



The last chapter gave a sketch of the printing instrument of 
Mr. Uugbcs, as it v/tu used a few monlha ago in tlie Boston 
ullice, upon the lines of the American Telegraph Company. 
There have, however, been found some practieal objcctiona to 
iliis instrument, and among ihem some wliich were claimed by 
Mr. Hughea as among the chief excellences of bis system. Vi'e 
allude now, particularly, to the use of the comhiocd natural ami 
electro-magnet, and the use of a weight for carrying the machine. 
Mr. Hughes, in conceiving tliat his instruments could he carried 
by weight, considered that he had accomplished a great saving in 
labor and expense. It has proved, however, upon the contrary, 
that this has not been an improvement In order that the instru- 
ments should run with sufficient speed to answer their require- 
ments, it was necessary to have a larger number of wheels, when 
carried by weight, than when carried by treadle. This will be 
obvious to any one at alt acquainted with macliinery. And, in 
order to accompligh both of these results, it was necessary to have 
■ lie machinery made very light. Now, the machinery being light, 
tind running with such rapidity, it was constantly breaking and 
giving out in one place or another all the time, and the conse- 
quence was that resort was again had to the treadle. 

The second objection which we have alluded to was still more 
serious. The combination of ttic natural and electro-magnet, 
which produced results so sensitive, has come to be condemned 
(in account of its very sensitiveness. But to make tliis clear to 
the reader, we will explain the matter briefly. If a line were 
constructed between this city and New York, for instance, per- 
fcictly insulated, (a circumstance that has never yet occurred,) and 
no atmospheric currents had any influence upon the line, it U 
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obvious that [he syfilem requiring the least ballery — everylliing 
else being equal — would be the moat desirable. But as ntine of 
those coniliijoiia are to be met with, it happens that it is not 
deairuble lo work a lino with such feeble currcaL There is but 
a small part of the lime, in any season of the year, when there 
arc not more or less atmospheric currents to disturb the equi- 
librium of the lines ; such, for instance, as the magnetic storm, or 
aurora borealis ; and, tlierelbre, the more sensitire tbc m^net, 
the more interruptions wilt it experience irom such extraneous 
sources. The Hughes instrument was peculiarly liable to such 
interruptions ; and, without trespassing too far upon the limits 
designed for tbia chapter, we will brieHy allude to one or two of 

During the magnetic storm which culminated in (he aurora 
borealis of August 23 and September 2, 1859, the Hughes 
instrument at West 13rookfield was unable to work for nearly 
A week. The operator, not being sufficiently versed in the 
theory of magnetic induction to ascribe the matter to its true 
cause, went over the line a great number of limes in search 
of the trouble, but, of course, without success. Within the past 
few years, during which the Hughes instruments have been 
used upon the lines between Boston and New York, they 
liave ceased to work during heavy rain-storms, owing to the 
" escape," and the business of the line has been done over the 
House wires ; that system being able to work over a greater 
escape. 

To obviate these difficulties, the company, through the aid of 
that Ingenious mechanic and able electrician, Mr, G. M. Phelps, 
of Troy, has succeeded in producing an instrument which unites 
all the excellences of the Hughes system and that of Mr, House. 
This production has been very appropriately designated as the 
combination instrument. 

This instrument (see Firmtispioce) retains the synchronoos 
movement of the type-wheel, the simple form of the press, the 
(Hctional movement of the cam, the correctors, and the detent, of 
the original Hughe* invention ; but borrows from tbe House sys- 
tem the double-headed cylinder or plunger, the air-pump, chamber, 
13 J 



and valve ; and, in aJdilion, conlAina the eleclro-raagnelic gov- 
ernor invented by Mr. Pln;lps. ll also uses llie simple (bnu of 
llie U mngnet invented by Professor Henry of tiie Smitliiu>nian 
In^lilntion, and which is used upon llie Morse system. 

Upon the i»Dibinalion lities iho open circuit is used. The 
valve fits into an lur-light chamber, and, being made of ^\ 
iron, acta as a keeper to the U magnet situated under iL The 
valve \s raised by a spring, and depressed by the passage of a 
current through the eleetro-magnel. The plunger, which is con- 
tiguous to the valve, has an air-passage from each end to the 
air-chanibcr of ihe valve, by the depression of which a current 
of air is forced into one end, and by the raising of which it 
is forced into the other extremity. In the centre of the plunger 
one end of the detent is placed. When the circuit is open, 
the plunger forces the detent against a projecting arm upon 
the cam ; when it is closed, the plunger forces the detent away 
fVom the amr of the cam, which is then carried around by ibc 
iriclion until it comes into contact with the press, forcing it 
against the type-wheel, and taking off the letter which at that 
instant presents itself. Around the surface, and under the type- 
wheel, are twenty-eight cogs, corresponding to the twenty-six let- 
ters of the alphabet, and a dot and n dash. The press is com- 
posed of a tube an inch long, with cogs at the lower end, wbicti, 
by being thrown forward by the movement of the liberated cam, 
locks into the cogs upon the type-wheel, and is made to revolve 
with it as long as the contact lasts ; but as it takes but one wave 
to release the detent, which is again applied to Ihe cam as soon 
as the circuit opens, it tbllows that the press is only kept in con- 
tact long enough to form one letter, and to pass one cog. A 
small, semicircular spring confines the strip of paper between it 
and the tube, and when the tube is carried around one notch, the 
paper is drawn along by friction. The press itself is thrown 
back from the type-wheel by a spring at the instant the arm of 
the liberated printing-cam releases it. 

Under the cogs above described upon the type-wheel, there is 
a second set of coga ; and upon the cam there are six projecting 
cog?, fliiieb fit into the spaces between Ihe cogs upon the type- 
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nhet^l, anil ^rvc as correctors. In ihis munner the ioslniraeiild 
art: [ircventeil from varying to llie huniireUili part of an inch. 
TliL-rc is a bell silualeil near the cam, designed as an alarm ; not) 
however, to be used like the ordinary alarums upgn English and 
niher Enropcon systems, to coll allcnlion when a message is to 
be seni, but to announce to the o|>erator who is transmiiciDg a 
despatch wheu a break occurs. The u*e of lliis nliirra might, 
however, be very safely dispensed with. A steel wire, with a 
email hall upon one end, and connected by the other with the de- 
lent, is made to vibrate with every movemeot of the detent, and 
strike the bell with considerable force. 

In passing from this part of the instrument, we cannot forbear 
alluding to the important part which air plays as a motive power 
in this, as well as the House instrument. Without it the House 
inHlrumcnt would hnrUly be practicable ; with it this instrument 
is wonderfully improved. Air acts instantaneously, is never at 
fault (if the pumps and tubes are looked afler), and is a powerful 
ttuxiliary motive power. 

The key-hoard is similar in appearance to lite House, and in 
principle is identical with the Hughes. The circuit-wheel it 
HdceD inches in length by three in diameter. It is in the form 
of a cylinder, and made of brass. Apertures one inch in length, 
running across the cylinder in a direct line with the keys upon 
the key-board, but having at the lower end a small aperture run- 
ning longitudinally to the left, corresponding in number with the 
twenty-six letters of the alphabet anil the dot and dash, receive 
the prnjecting arms at the extremity of the keys. 

At the back part of the keys, and in a line with them, there 
an iron band connecting with a key, or circuit-closer, in such a 
manner that by moving it to the right it closes the t 
itanlly. 

The projecting arms at the extremity of the keys, when Ibft^ 
keys are depressed, are forced into the apertures of the cylinder, 
and, passing in a direct line until near the bottom of the api-rlure, 
are then carried in an oblJ()ue direction a space of an eighth of 
00 inch, in doing which the iron bond is moved the same dis- 
tance, and closes iha circuit. It follows from this, that as the 
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apertures are situated at equal distances upon the circumference 
of llie circuit- wheel, atid as the circuit is closed wlicnever a 
key drops iulo its aperture (no key can drop into the aperture of 
another), the circuit must always be closed in that part of 
the arc of the tjpe-wheel corresponding to the key depressed. 
That is to say, supposing the circuit-wheel and type-wheel to 
be making 120 revolutions each per minute, and that they be 
bolli started alike from the dash, it follows, if you close the cir- 
cuit at M, that M will be printed from the type-wheel, because 
that letter repreaenta just one half a revolution of the type-wlieel 
as well as one half of the circuit- wheel. The circuit- wheel, as 
soon as the key reaches the oblique ajwrtore by the movement of 
which the circuit is closed, drops the key, and the circuit opens 

Si« letters may be printed at every revolution, and as the in- 
stniments can be run up to 140 revolutions per minute, we have 
the astonishing rale of 50,400 letters, or 10,080 words, per hour, 
which this instrument is able to produce ; but as there are no 
words in the English language so peculiarly constructed as lo 
include every fourth letter from A to Z, it follows that this result 
is not practicable from this single fact, as well as from the fact 
that there are no operators of sufficient dexterity to be able to 
touch the keys at this rate. 

It remains for us now lo describe the electro-mognelic governor 
of Mr. Phelps's invention. This governor is made of iron, three 
inches in depth by four in width, in the form of a hollow cylinder. 
It runs upon a shaft connecting with the principal wheel in the 
machine. Through the centre of the shaft there is an aperture, 
through which passes a spring, connected at one end with a 
lever and at the other with a balance, which a rapid revolution 
of the cylinder causes to fly out, and at the same time raise the 
lever at the other end. Upon the end of this lever there is a 
small iron wire, which is r^aed by the lever whenever the bal- 
ance flies out, by the rapid revolution of the instrument, until it 
strikes a brass pin at the lop, by which it closes a local circuit, 
and thereby brings an armature, contiuning a leather friction at- 
tached to a keeper of an electro-magnet, into connection with the 
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aides of ihe cjllnder of the governor. This cliecka llie speed of 
the governor, and causes tbo needle to drop, by whicli the local 
circuit is opened and the friction removed. The governor tlion 
regains its epeed, causing the balance again to ^y oul, the lever 
to rise, and again brings Ihe wire inio coniagt with the bi'aas pin, 
ag^n throwing on the friction of Uie electro-magnet, wliivb again 
checks the speed, and »o on. 

It will be observed (hat there are here two forces in direct 
oppmition. The natural speed of the inBlrument causes the bal- 
ance lo fly out, and raise the lever, by which a local circuit is 
closed, which brings into action a friction which checks tlie speed 
of the governor. By raising the brass pin over the wire, the 
instruinenia can be increased in speed lo any desired amount; 
and by lowering it, they can be decreased. Three cups of Dan- 
icU'a (sulphale of copper) battery furnishes the necessary current 
for the local battery. 

The ordinary rate of speed of this instrument is about 3.000 
wortls per hour, or about twice as rapid as the Mor^c, and about 
e(]UaI to the House ; for although the Morse instruments can be 
worked as high as 1,500 words per hour, and the House as high 
as 2,800, still neither of ihem is ordinarily operated at this rale. 
The usual rate upon the Uorsc lines doe? not exceed 1,000 
words, and that of the House 1,800 words per hour. Mr. Walker, 
the Superintendent of the Electric Telegraph Com|)any between 
London and Dover, stales Ihe rale of Inuismission upon the tines 
under his charge, which employ the needle system, to be about 
15 words per minute, or 900 words per hour. This is, doubt- 
less, setting the rate pretty high, and we may therefore conclude 
that, from all the testimony we can gather upon the subject, 
the needle system is about one half as fast as the Alorse, 
and one fourth as fast aa our American printing system. The 
combination instrument as a whole in, without question, far in 
advance of any and all other instruments ever devised, in this 
country or Europe. It is simple in construction, and therefore 
not expensive in manufacture. Only one wave is necessary to 
produce a letter, while it requires, upon an average, three and a 
half upon the Morse, seven upon the House, three and a quai^ 
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tcr upon the needle lelegraph of Cooke and Wheatstone, 
upon Froment'a dial ayslem, and the same upon Siemens'^. 

Tlie breaking and closing of (he circuit ia done hy machineij, 
and ia therefore much more accuratt'ly and firmlj done than if 
performed hy hand, as is ttie case upon the Morse, Bain, and 
needle systems; for, allJiough some operators touch the key firmly 



between the lever and anvil, 

I or carelessness, close tlie 

causing, particularly in wet 



and steadily, making a good c 
there are many who, from n 
circuit in an imperfec 

weather, when there is considerable escape, a shaky, i 
movement to the armature of the electro-magnet. From this 
e it oflcn happens, upon all Morse lines, that messages can 
be received from some operators when it would be impossible to 
receive from others, over the same wires. This goes to show 
bow essential it is that the contact should be made jiroperly, — 
that is, firmly, and of sutlieiciilly long continuance. At the ex- 
act instant that (he contact is made, the full force of the current 
does not flow, but increases in volume for a perceptible time, as 
has been observed from minute experiments. Now the contact 
is made upon this instrument, not only by machinery, but 
by a direct movement, and the contact continues a sufficient 
length of lime for the current lo develop its full force. The 
contact is an exact one also, — the i>lacing together of two flat 
surfaces of brass. In this particular it is superior to the arrange' 
t upon the House instrument for closing the circuit; for upon 
that a spring is used, made of sicel, divided through the mi<ldle, 
one end of which presses upon the surface of a cog-wheel, di- 
vided into twenty-eight parts, and which revolves sixly-lwo times 
, thus opening and closing the circuit 1,750 times per 
3 per second I 

To print 2,000 words per hour with the combination instru- 
ment, it is only necessary to break and close the circuit 1 66 times 
a minute, or not quite three limes per second. 

Prinling systems possess great advRntan;c3 over the needle, the 
dial, or the arbitrary recording instruments, in that (Aey perform 
double Che work, and thereby retluce the chances for error in the 
Etune proportion. We all know that man b always liable to error. 
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and ilint llic more we can acromplish by exact machincrr, t 
k'F's liuLle sue wc lo Ih; annoyed with mistakes. 

Tlien, again, ihe prinled Blips arc more salisfoclory to Omm 
patrons of tiie telegraph, because Ihcy are moi-e easily read than 
ordbiary writing ; and ihis, again, ia a matter of more impor- 
tance than it would at first Beem, because the rapidly written copy 
of even the best operator is often far from legible, and requires lo 
be studied, and sometimes returned lo the otiiee lo be deciphered. 

This instrument, then, standing at the bead of all which have 
been devised for transmitting intelligence by the wonderful agency 
of ibe electric fluid, and seemingly fulfilling all tho requirements 
of a perfect eystein, deserves a brief consideration, at leaist, to 
determine the question as to whom belongs the credit of itd de- 
visemenL Wc cannot, properly speaking, call it an invention 
Bejiarnte and distinct from any other, and its very name suggests 
the impropriety of doing so. It' is simply a combination inalru- 
meat, and it remains for us to state from what it is combined. 

Wc have seen above, that it is composed of a portion of the 
instrument invented by Hughes, a portion of tliat of House, and 
lUe governor of Mr. Phelps. Tbe union of these systems is un- 
questioniibly due to Mr. Pbulps ; and if such a combination were 
patentable, he would undoubit-dly be entitled lo the patent. But 
the leading principle upon which the inslrument operates is that 
invented by ]tlr. [lughes, or, I should say, first successfully applied 
to a printing instrument by liim ; namely, tbe synchronous move- 
ments of tbe type-wheels, and the application of the one wave, 
or impulse, of ihe current for signalizing a letter. The portion 
of the apparatus borrowed from the House invention, though im- 
portant, is secondary. It con&istx, mainly, in the application of 
air in conveying tbe impulse of the electric current for the pur- 
pose of rclciL^ing the detent at the proper moment, in order that 
the cam may force the press into contact wilh the type-wheel. 

It would be proper, it sirikes us, that tbe credit of this incom- 
parable instrument should be divided between Messrs. Hughes, 
House, and Fhelps, as inventors i but there ia also much credit 
due to the American Telegraph Company, for tho liberality with 
which it has expended its money in the large number of esperi- 
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menls wliich it ha* been necessaiy to make, extending over a 
period of tour yeani, in order to bring to a successful termination 
the valuable but imperfect inTeniion of Mr. Hughes. 

A patent has recenll/ been awarded to Mr. Phelps for the 
following : — 



"George M. Phelps, of Troy, N. T. {Atiiipwr to the Ami 

Telegraph Company), for an Improwment tn TtUgrapkiny 
MacJtines : — 

"I claim, first, producing from a magneto-electric battery the 
momentary electric currents required for actuating the priDting- 
mcchanism by giving momentary motion to the armature or other 
current-inducing part of the magneto-electric battery, by means 
of a set of finger-keya, which, when depressed, are controlled in 
their action upon the eurrent-indueing part of the magiielD-electric 
battery by a tnechanical contrivance which constantly moves in 
liarmony with ihe uninlermillingly revolving type-wheel, substan- 
tdally as described. 

" I also claim increaeing the capability of the instruments for 
telegraphing, by so increasing the speed of the transmilling-device 
and type-wheel, in relation to the motion of the parts which per- 
form the priming, tliat two or more types shall pass the platen 
while the printing-mechanism is acting once, as described. 

" I also claim turning the cylindrical platen while each impres- 
sion is being made, by means of rings of teeth, R and T, upon 
the type-wheel and platen^ as and for the purpose set forth. 

"And, finally, I claim making a revolving wheel or shaft. Cor 
t, turn the corrector, M, armature, C, or onolher wheel or shaft, a 
cerlain fixed distance, with the same speed aa itself, at any time 
and any desired number of times, by the use of a ralehet-wheel, 
Tor A, catch, Wov f, guide, A'or t, and detent. A" or u, all ar- 
ranged logelher, and, with the said driving and driven wheel or 
shaft, for conjoint operation, as set forth." 



A valuable auxiliary to the combination instrument in its prnc- 
ttaJ operations during rainy and foggy weather, when there is 
always considerable escape, from defective insnlation, is found in 
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an apparatus wliii:!! is being perfetled by Jlr. W. T. Eddy, of 
New York. 

This apparatus consists of an induction coil, two relay magnebi, 
and a local and primarj' circuiL The induction coil (discovered 
by Faraday) is applied in sueh a manner as to produce on in- 
BtaDlancous but inoinentary impulse upon (he electro-uiaj 
along a telegraphic wire, in addition to, and independeut of, the 
main current upon the 11 

We have described llie principles of ibe induction coils on 
page 47, and we shall therefore only briefly describe the con* 
Btruction of the one in question. 

The induction coils used by Mr. Eddy contain about ten milQfl< 
of eilk-wound copper wire, yjiy of an inch in diameter, for tba 
tecondaty or induced current, and of al>out lialf a mile of ii 
laled copper wire of No. 20 gauge for ihe primaiy or inducing 
eurrent. The coils are fourteen inches in length by llirce in di- 
UDcier, nnd enclose a bundle of about 150 iron rods or wires in 
the centre. 

The manner of connecting this apparatus in the circuit is as 
follows. The main wiro which extends between the distant sta- 
tions is connected with tlie two [voles of the secondary helix. A 
relay magnet placed in the same circuit operates a second relay, 
by means of a local battery, and this fccond relay opens and 
cU^ses the primary circuit, the current of which induces 
menlary and instantaneous current in the Mtcondary coil 
moment of breaking or closing the primary. 

Tbc primary helix is mode in sections, so that a part or tbO' 
whole of the wire composing it may be in the circuit, as circasiM^ 
stances may require. 

The utility of the local circuit and second relay may not at 
first be obvious. The object is to have the tiral relay work with 
a very delicate sdjustmetil, which would not be practJcahU- if it 
had to close a powerful primary circuit, such as is used for charg- 
ing ihe secondary coil. The priniary batleiy is composed of eight 
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Lof Grove's cpIIs. I 

During a heavy rain-Nlonn, recently, (wo of these inRlnimento .^^^ 
were placed in ihe circuit of the tine extending between Bostgo. ^^M 



IM 



ELROTSIO TELKGBAPH APPABATUS. 



and New York, and aided very maleriallji in working tlie lino 
flu'ough. In this case, one of llie coils was placed in the circuit 
at Worcester, and the other at Waterbury, Before they were 
put in, Boston and New York ojid'alDrs couid not get each □thei'a 
breaks, but by their aid they were enabled to work with facility. 

Should tliese coils prove, ujion further trial, to accomplish all 
that is expected of them, the science of electric telegraphy will 
have received a very great help through the skill and persever- 
ance of Mr. Eddy. 

Owing to the momentary action of the induced current, it was 
not supposed that the coils could be used in connection with the 
Morise apparatus ; but recent experiments seem to indicate that 
they may, with advantage, aid that system also. 

Mr. Milliken worked between Boston and Portland by the aid 
of one of these coils, and was able to correspond ini«lligently 
with the operator at Portland, by simply breaking and closing 
the primary circuit, without disturbing the main circuiL The 
explanation of the success attained in tliis experiment is, that it 
requires ntore power lo bring the armature up to the magnets 
than to hold it there ; and the momentary impulse imparted by 
the induction coil being eutlicient to bring the armature up, the 
voltaic current is able to gierform the office of holding it there. 

With the aid of permanent magnets, it is probable, thei-efore, 
that the Morse apparatus might be worked over a long circuit, 
without the aid of other ballery jmwcr than that furnished by the 
primary current and the induction coils ; but it would not proba- 
bly result econoinicnlly in practice, as the primary battery is con- 
sumed very rapidly. 

The combination instrument baa now been in use about a year, 
and, since the first of January last, haa doue nearly ail the pri- 
vale business between Boston and New York. An ordinarily 
expert operator can easily tninsmit 2,000 words an hour by it, 
and those Ijetter skilled much more. Mr. Borretl, one of the 
Boston operators, has sent news for the press at (he rate of 2,800 
words an hour, partially abbreviated, and at the rate of 2,500 
when printed in full, which is equal to the best sjieed attained by 
the Ilouse system. 



THE COMBINATION SYSTEM. 



155 



The operation of this instrument becomes more and more sat- 
isfactory every day, and it is looked upon by all who have become 
familiar with its performances as the best telegraphic apparatus 
which has yet been produced. ltd leading characteristics are 
rapidity of operation, simplicity in construction, and great accu- 
racy. It might very justly adopt for its motto that used by 
its predecessor, the House printing instrument, and with even 
greater propriety, namely, Prompt^ accurate^ and reliable. 
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CHAPTER XI. 

HORSE'S ELECTRO-THEHMAL TELEGEAPH. 

This syBtem applies a new principle ia electro-dynamics. 
The electric current, instead of being used to produce magnctiiini, 
as we Imve Been in the Morse, House, and Hughes inventions, or 
to decompose enlts, as we have seen in the Bain, is employed in 
this in^truineat to produce heat, and, by burning holes in the 
paper, to produce a set of arbitrary signs composed of dots and 
daslies similar to the Afor^e alphabet. 

The instrument (Fig. TO) ia mainly composed of simple dook- 




Tork, designed lo carry along Etrips of paper at a uniform rale of 
speed. Above the clock-work arc two pillars, supjiorting an 
axis, upon wliich is the adjustable wire-holder, llic lower exlrem- 
ily of which touches the strip of paper, liy means of ihe con- 
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lulationg of the pillars, axis, and niie-liolder, the ' 
platinum wire, which passes over a little slip of porc.-c;lain at 
the end of the wire-holder, becomes part ol' the circ-uil, with 
wbiL-b the two screw-cups upon the right of the inalninicut are 
coaneeled. When the wire needs adjustment, the wire-hoMcr 
can be turned up on ita axis. Tlie bed supjmrting tbe strip of 
paiicr is also adjustable, bo as to regulate the eontuct between the 
wire and the paper. 

This instrument derives its practical value from its application 
of ibe law, that resistance of niciaU, under certain conditions, to 
■be passage of tbe electric current, generates beaL Ifjou take, 
for example, an ordinary Morse " relay " magnet, composed of a 
large number of convolutions of flne silk-wound capper wire, and 
pass a heavy quantity current through it, you will find tbe helix 
to grow very hoi, in a short space of time. ?Iow tliis is owing to 
the resistance which the tine wire offers to the passage of the 
current generated by the battery. But if you jiluce within tbe 
circuit so formed a piece of platinum-wire of the same size as 
the eop|>er, it will become red-bot at once, llie reason for this 
is to be found in tlie fact, that platinum is a much poorer conduc- 
tor than copper, and tbe small piece inserted between the copper 
wires, ottering so great a resistance to the pnsange of tbe current, 
is at (mce made rod-hol. With this explanation, the render has 
only to conceive the platiuum wire, bent, so as to present a 
pointed place of contact wiib tbe strip of pa|H>r, and a strong local 
quantity battery thrown U[ion the platinum wire at inleri'ala 
similar to ibosc employed in making the Morse choraclcrs, and to 
remember tliat, when the battery is thrown upon tlie wires, ibe 
platinum point bums a bole, and when it is thrown off, the point 
instantly cools, and he has the whole idea of the principle of ibis 
invention. It is proper to remark here, however, iliat as only a 
strong quantity battery ciin produce these results, and that quan- 
lily batteries cannot produce sucb effects at the termini of n long 
telegraph line, it becomes necessary to use a local circuit, a relay 
magnet, and a local quantity battery : and here is where the 
invention runs against an insurmounlabte difficulty, for the relay 
magnet, local luitlery, and local circuit are particularly claimed 
U 
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in Morse's palcnt as his invention. This iaslrament cannot 
therefore woik witliout the permiesion of ihe owners of the Morse 
pateuL It littd no pointa of superiurilj over Ihe Morse, and aa it 
cannot be used as a subslUute, owing to the above disability, the 
result bas been that it has never been put into practical operation 
at all. 

An instrumeat which might, perhaps, be construed into some- 
what of n resemblance to the above, waa constructed by Messrs. 
Fanner and Balchelder of this city. They used, however, a 
large cylinder, upon which were plae«d sheets of variously tinted 
t issue-pa j)cr. A platina point connected by an armature with the 
keeper of an electro-magnet was brought in contact with the 
tissue-paper by the opening and closing of the circuit. A spirit- 
lamp, situated under the plaiina point, kept it at a red beat, and 
when it touched ihe tissue-paper it discolored it, causing a dis- 
tinct mark. The instrument was carried by clock-work. The 
system is praciicable, and could be used upon a line to advantage ; 
but it will be obvious that it presents the name dilTicuIty as the 
Home instrument, namely, infringement upon Mr. Morse's patent. 

In 1848, Messrs. Zoukc and Barnes, of Mississippi, brought 
out ft new telegraph instrument, which they called the Columbian 
Instrumenl. It recorded similar to the Morse, but used, instead 
of the simple cloctro-magnet, a combination of Ihe natural and 
electro-magnel. such as Mr. Hughes uses upon his new printing 
inslrumenL They formed a new combination of cliaracterB for 
an alphabet, but differing in principle not a particle from the 
Morse. Tbey used a local circuit, a key, and, in facl, nearly 
everything else, like iL 

Mr. Henry O'Reilly, who at this time was having some seri- 
ous difRcullips with the Morse patentees, took up this instrument 
and introduced it upon the extensive range of lines lie was then 
constructing throughout the Southwestern Stales; it was, however, 
proceeded against by the owners of the Alorse patent as au in- 
fringement, and an injunction was granted by the United Stales 
District Court for the District of Kentucky, in 1841), 

Notwithstanding Ihe infringement was most palitable to every 
one, there were not wanting plenty of " experts " to testify thai 
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■lie instrument was entirely ^ssimilar in principle and practice, 
— thus showing ilic value of iliese professional experts, whose 
services can be bouglit over to either side for a small compeosa- 
tion. Public safety IJca in the stncntific knowledge and ability 
of our judges, and it unlbnunntely often happens that they poa- 
Bcaa little science, however much general knowledge tliey may 

In 1850, Mr. Henry J. Rogers, of Ballimore, devised a modi- 
ficution of Bain':! etectro-ehcmicul telegraph ; using, instead of 
the iron Ftylus and the molslencd puper, u pen containing a liquid 
solution of salLs which left, tbrougli llie action of the electric 
current, a colored mark upon a smooth brass disc. 

We saw this tclegrai)h in operation in Philadelphia, in 1851, 
and were informed by the operator that it was liked very much. 
However, it did not strike us as being any improvement upon the 
Bain Byslem, but, upon the contrary, as far inferior lo it. The 
New York, Philadelphia, and Washington Bain line never did 
operate their line upon the Bain principle strictly ; but used the 
local circuit, which, as we have said, is claimed as Morsc'ci inven- 
tion, although there arc few well posted in the history of the 
inrentioti who think hiin entitled to iL 

The use of this circuit operated upon the company disastrously 
in their suit with Morse in 18.i2, and was, doubtless, the primary 
cause of the disuse of the Bain system in America; although, 
as we stated in our chapter u|ion the Bain system, it is the opin- 
ion of some of the best electricians and experts in this country, 
■^ among others, Dr. William F. Channing, — that the cause of 
Judge Kane's decision against the Baia line, in 1852, was owing 
to an understanding previously arrived at between (he managers 
of the Morse and Bain companies to that effect, they tiaving 
agreed to consolidate their hues and join their interests, which 
would be better subserved by keeping the Morse patent intact. 
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CHAPTER XII. 



THE DIAL TELEGRAPHS. 



The Dial Telegraph- 
traverses a dial, upgii the margin of whith 
of the alphabet, by a 



those in which a needle 
t placed tlie letters 



1 of elementary impulses, and 
U enabled to slop during a 
, space of tirac upon any 
, and to show, conse- 
tly, any of the letters of 
alphabet, or any signs, 
ii might be placed there, 
elimes it is the dial whiefa 
avable. The only advan- 
of the dial telegraphs ta 
...»^ each sign is shown directly 
to the clerk, and that its per- 
ception is theresult of a smgle 

milter of the message has only 
to impart one simple rolaiy 
motion, more or less prolonged, 
in order lo bring the indicat- 
ing-needle upon tlie sign to 
be shown at a distance, or 
the movable dial to the place 
where the sign is lo be found. 
In the dial telegraphs there 
is always an elect ro-magne(, A, which, acting upon an armature, 
or, as it is called, a contact of soft iron, B, produces by means of this 
piece of soft iron a movement in a system of wheels more or less 
complicated, — a movement which ia imparted directly by the 
piece in question, or which results from a mechanism foreign to 
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ihc elect ro-nutgaet, ibe actioD of which is arrested and libcj-atcd 
according to the position of the piece. The inconvenienL-e of 
some of the dial telegraphs is, that, in general, each signal in 
them being dependent upon those which go before it, errors are 
liable to accumulate ; thiiir mechauisni is also more or less com- 
plicated, which readers them more susceptible of denuigemenl, 
and consequently veiy difficult to regulate and maintaia regu- 
lated. 

Wheatstone, who was the inventor of the first dinl telegraph, 
has constructed a great many kinds in the endeavor to perfeci 
them ; and tliere have been a multitude devised hy other iovcn- 
lors in England, France, and Germany. Wo shall only describe 
one of these dial iiistruments, and that the simplest in form, rather 
to illustrate the principle than the best mode in practice. 

The instrument, like all others designed for telcgraphmg, is 
composed of two parta, the manipulator and the receiver. The 
needle of the receiver is mounted u]>on a wheel, wluch possesses 
twenty-seven teeth, corresponding to the twenty-six letters of llic 
alphabet, and to the sign -\-, called Jtnal, which serves as the 
start ing-ixiint. A pallet connected by a lever in connection vith 
ihc keeper of im electro-magnet, is made to advance one tooth 
in the indes-wbeel for every break and close in the circuit. 
Suppose the needle to rest ujion ih^ JSnal, it will take one opening 
and closing of tlie circuit to bring it U[>on the Idler A; by repeat- 
ing the breaking and dosing twice, storting from the final, it will 
he brought upon the letter B; and so on for all the letters. The 
manipulator carries a dial precisely similar to the preceding ; only 
its needle, which is stronger, is moved by the band, and in its 
motion draws on tlie wheel upon wliieli it is mounted. The latter 
possesses twenty-*cven teeth ; two springs are placed to the right 
and left, one of which performs the oUice of the catch in Ihe 
ratchet- wheel, hy preventing the wheel from turning backwards, 
and Is always found in contact with it ; the other touches it by a 
projecting terminal only, when one lootlt passes before it. Two 
connecting-wires, each of which is attached to one of tlie extrem- 
ities of the wire of the electro-magnet of the receiver, are at- 
tached, the former to the positive pole of the bailery, the hitler 
14" 




lo llie calch-spring, whilst the other spring connects with the neg- 
ative pole. It tbilows thim this anuiigcmenl, tbat, each time 
a tooth passes before the second spring, the circuit is closed, nail 
that it is interrupted when thia spring ia situatetl in the interval 
that exists between two leclh. Thus, when the needle of tlie ma- 
nipulator ia made to pass from one leller to the following, there is 
produced succeasively a closing and an interruption of ihe circuil, 
which causes also the needle of the receiver to pass precisely in 
the same manner troiu one letter lo tbc following. Coosetjuently, 
if the two needles are in accordance, (and it is for Ibis purpose that 
the -j- is employed, upon which the needles of both apparatus must 
always be stopped when lliey are not acting.) they will pass on 
together to all the letters, indicutiog them simulioneously; and in 
«rder lo transmit a word, we have merely to stop the needle of the 
manipulator for an instant at cochof the letters of which it is com- 
posed. Each station must have a battery, a manipulator, and a 
receiver; the oi>erator who receives the despatch keeps his battery 
and manipulator out of the circuit; there is nothing else lo do than 
to follow with his eyes the needle of the receiver, in order lo read 
what it indicates, 'When it is his turn lo transmit a despatch, he 
takes his receiver out of Ihe circuit by means of a commutator, 
and at the same time introduces into it his battery and his trans- 
mitter ; lie causes the alarum of the station to which he addresses 
himself to ring, his correspondent performs a reverse operation, 
and the communication is established. 

The apparatus above described, excellent for demonstration, is 
inferior to others of the same kind in respect to velocity arid safety 
in the transmission of despatches ; the derangements lo which it is 
liable arise from the circumstance that the pallet of the escape- 
ment of the receiver is sometimes liable to allow a toolh, instead 
of a half-tooth, to pass, on account of the velocity of the impulse, 
and from the fact that the hand of the person tlmt causes the 
needle of the transmitter to turn ha^ nothing to guide, and es- 
pecially to stop it exactly where it ought to be done ; ihe least 
irregularity it may suffer, either onward or backward, may pro- 
duce some wfuit of agreement between Ihe needles. 

Hr. Whcatstoue haa deTised many methods of transforming 
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^B^tlw allemate mollon of the annaturt> into an inlermitlent ciraular 
^''BHXitm of the dial. The direct mode above described requires 
too strong a current to be employed when the distance to be 
Iraversed by tlie despatch is considerable. Thus, in the improved 
apparutiis iutenUed lor long IJneif, Mr. WheaUtone has connected 
the signal dial with a duck movement, set in nclion hj a spring 
or a weight, which, when there is no preventing eause, communi- 
cates to iho wheel to which tlie dial is fixed a rapid rotation. 
iBut mechanism analogous to a scape-wheel aiid pallets does not 
allow of the wheel advancing more than the distance of a half- 
iootli each time tliat the armature is attracted by (be eleclro- 
magncl, or repelled by means of the spring to which it is con- 
nected when the magnetization ceases. 
M. Breguet has also devised an improved dial telegraph, in 
which he uses the clock movement to carry the needle, and the 
electric current to act simply as an interrupter. That which par- 
ticulariy distinguishes this machine is the employment of an 
escapement which is placed in dependence uj>on an elcctro-mag- 
nel, in order that the latter may enable one half-tooth to escape 
at each vibration. The escapement acts by means of two pallets 
mounted upon an oscillulory axis, and arranged at such a distance 
and manner that the tooth of the wheel comiot ptisd without en- 
countering them. 

M. Froment has also designed one of tlie best of the dial bts- 
lems. His improvemeots are p»rticnlnrly in the transmitters, 
vhich greatly resemble lliftse used upon the House instruments. 
He uses twenty-eight keys, arranged upon a iKMinl similar to the 
House plan. He ahw) uses a straight, steel arbor, upon which 
there are placed twentv-eighi pins, arranged in regular order and 
at equal distances, and which also divide its cireumtcrence into 
twenty-eight equal parts, forming the complete revolution of a 
helix. This arbor is situated under the key-board, the keys of 
which arc provided with corresponding pins, which pass freely 
when in their natural position, but, when the keys arc depressed, 
cause the arbor, which is moved by clock-work, to stop. At the 
end of the arbor there is a break-wheel, by which the circuit is 
broken and closed twenty-eight times for each revolution. The 
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needle of the receiver movei) synchronously with the arbor of the 
type-wheel, through the aciiou of the circuit-breaker. The in- 
strument is TCry rapid, (he hist wheel of tho movement which 
carries the arbor making three revolutions per eccood. Four 
letters can be made at each revolution upon an average. This, 
like all other dial eyatems, belongs to the class of s(ep-by-atep 
electro-magnetic telegraphs. There can be little question that 
the leading ideas of thi« instrument were borrowed from the 
House, which is, however, vastly superior to it, from the fact that 
it actually prints In plain Roman letters, while this simply has 
the power of indicating them. House's instrument possesses this 
indicating power also, and operators in conversing with each 
other never set the press In motion, but simply read from the 
signal-wheel, which long practice enables them to do with great 
facility. In fact, there have been made numerous signal-instm- 
ments upon Houae'a plan, for small oSiccs and railway stations, 
which do not possess tho printing apparatus, but simply depend 
for their usefulness upon the signal. These instruments arc of 
course far less complicated than tho printing instrument, and 
much less costly, being made for about S 150 apiece, in a very 
substantial manner. 

Br^guet's and Froment's systems have been largely used in 
France, but are being superseded by florae's and Bain's instru- 
ments. 

We cannot dwell upon alt the very numerous modifications 
which the dial lelegra|)h has undergone, such as the employment 
of clock-movements moving synchronously at the two stations, 
and which are stopped by the aid of electro-magnetic actions at 
the same instant; or such as the substitution of pieces of magnet- 
ised sleel for the ordinary armatures of sod iron, which enables 
us to do without the spring employed for restoring the armature 
to its former position. In fuct, in this case the electro-magnels 
act upon the armature already magnetized of itself, by repulsion 
as well as by attraction, according to the direction of the current; 
the sensibility of the apparatus is thus increased, and it is inde- 
pendent of the variable intensity of the current, which requires 
that the spring be regulated, when the armatures are of soil iron, 
for each particular intensity. 
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M. Glijspner. who has employed mogneiized 
coD^Iruction of tlie different gystems of telegruplis, lias found 
it the Rdvuniage that i^ likewise presented, 
the employment of magnelo-electrie machines instead of piles, — 
that of destroying more rapidly, hy the production of indneed 
currents, the magneti^iation of electro-magnets, which remains 
Htmetimes for some instants alter tlie current has ceased to pass. 
Bui, notwilhsianding theae various advantages, we think that, if 
magnetized armatures have not been generally adopted, it 
because their magnetization must alter very rapidly under the 
intermittent action of electro-magnets. 

All alphabetical telegraphs, both those irhieh we have 
describing, ae well as those which resemble them, may be chi 
aelcrixed in ft general manner, hy saying that they have neces- 
sarily a manipulator, which is moved by the hand of the person 
who pends the despatch, and that, consequently, he who re- 
ceives the despatch is obliged to remain passive until his cor- - 
respondent gives him the liberty of speaking in li 
regai-d to the differences that exist between the various appai 
tus, they depend only upon the mechanism tliat serves to trans- 
form the backward and tbrwanl movement into a rotary motion. 
or upon the arrangement of the dial, or upon the form of the 
interrupter, or. finally, upon the nnraber of the divisions, both 
conducting and non-condueling, of which it is composed. It is 
not the same with (lie telegraph devised by Mr. Siemens, which 
differs totally from others in that it maintains to the ojicralor 
is receiving the despatch, even while he is receiving aiid 
it, his direct and immediate action over the operator who 
ing it to him, and this wiiliout having recourse to a second win, 
without disturbing the agreement of the dials and of the appara- 
tus, and without introducing the smallest disturbance into the 
series of sign?, the transmission of which is commenced. 

In order to realize this ailvantage, Mr. Siemens supjircsaes the 
interrupter, and arranges his dial apparatus so that it may act in 
the same manner when sending or receiving a despatch. 

The armature of the electro-magnet carries a lever of about 
four inches in length, which performs two separate actions. By 
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ihe first, ut eadi doable vibration, it causes one tootb of the wbeel 
[o pttxB, u[M)n the axi? of which is mounted tbe indicating-need le 
of tlie dial ; and thus carries ihia needle step hj step from one 
letter lo the letter thoX follovrs. 

By the necond, it breaks the circuit, and arreBis the current 
From which it has itself received motion ; but it does not arrest it 
until the moment when it is itself arrested bj a slop in iu onward 
excursion, that is lo eaj, when the armature, attraclcd by the 
electro-magnet, has arrived as near to the poles as it ought to go ; 
then, the circuit being broken, the armature ceases lo be attracted, 
and, finding itself immediately drawn back by its spring, the lever 
accomplishes its return. Scarcely does it touch this other limit 
of its excursion, than it completes the circuit afresh, re-cslabliahcs 
tlie current, and iostantly is found lo be carried on anew by the 
armature in order to accomplish its second onward movement, 
which from the same cause is followed by a second return. 
These isochronotis vibrnlions will thus be accomplished indefi- 
nitely, as long as the battery furnishes a current of the some 
intensity. 

In order that communications may be sent by this instrument, 
it is necessary that the needle be arrested in its course for a 
longer or shorter time. In order to obtain this result. Mr. 
Siemens adjusts circularly around his dial as many keys as it 
carries signs, and upon eacli key is repeated, in a very conspicu- 
ous character, the idgn to vrhich it eorresjuDds. On placing the 
finger upon a key, a smalt vertical end, of the tenth or twentieth 
of an inch in diameter, is depressed, which then slops the passage 
to a horizontal lerer, parallel with the nee<lle, and mounted upon 
its axis. It is exactly as if the needle itself were stopped; but the 
mechanism is concealed beneath the dial, in order not lo ronfuse 
its appearance, and not to fatigue the attention of the operator. It 
is not only necessary that (he needle be stopped opposite lo the sign 
that it should indicate j it is also important that the motor lever, 
connected with the armalure, the vibration of wliieh is also 
arrested by the same obstacle, shall be then situated toward Ihe 
middle of its relum ; that is to say, towards the middle of the 
a it mokes under the influence of the spring which brings 
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it back. In fact, nt this instant, the circuit being broken for 
a certain time, and the effects of tbe current baving ceased, 
there is le»s chance tbnt the armature should contract a magnetic 
polarity capable of disturbing the regular action of ibe apparatus. 
Thcae conditions arc very skilfully fulfilled by Mr. Siemens. 

The person sending tbe despatch has only one operation to 
perform, — to place his fingers successively upon all the keys cor- 
responding to tbe signs he niabcs to make. He depresses a key, 
and the indicating-needle of his apparatus, carried on by the 
regular motion by which it is actuated, does not yet suffer any- 
thing ; it continues its course till the moment when it arrives at 
the sign whose key is depressed, when it slops. The needle of 
the other alation, moved by the same force, anil eubject lo the 
same synchronism, cannot, boweTer, slop malbematically at the 
same instant ; for the lever wbicb causes it to move, brought bock 
also by its spring, accomplishes its return with force, since it does 
not enconnter, like its homologue of the first station, a material 
obstacle wbicb stops it; it therefore accomplishes its return, and 
lakes tbe position in which, as tar as it is concerned, it completes 
llic circuit and re-establishes the current What it then does 
cannot have its full effect at tbe very instant, since its bomolague 
of the first illation is then retained in a pomt where it breaks 4lie 
cii'cuit. Thus tbe operator, sending the despatch by plocing his 
finger upon a key for a certain fraction of a second, brings about 
a moment of similar slopping in the needle of the second station ; 
but we must purticuiurly remark, that the two needles cannot stop 
at the some instant ; the second does not stop until alter 
which is equivalent to nearly a quarter of ibe duration of 
complete vibration. 

The operator sending tbe dcapaleh, by raising bis finger placed 
upon [he first key, in order to carry it on to the second and make 
the second sign, produces the following results. The lever of his 
a|iparatus, obeying the action of the spring which draws it, is 
finally free lo accomplish its return, and, in fact, it does accom- 
plish it. Then, ibo circuit being everywhere closed, tbe current 
is re-established ; the armatures of the two stations are simul- 
taneously uttructed, and the needles recover their concordant pro- 
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gress, until the moment wlien that of the firrt station mailu the 
second sign; the needle of the second station repeats it in its 
turn, and the same phenomena are reprodaced mitil the end of 
the despatch. If everything goes on well, the operator of the 
receiving station has only to follow the movements of his indii^- 
ing needle, to write or to dictate the signs that it points out to 
him. If he has a doubt, he places his finger npoo a key ; then 
the needle of the first station stops at that signal, and the person 
who sends the despatch is thus warned that his correspondent 
wishes to speak ; the conversation goes on, explanatk>ns are ex- 
changed, and the original operation soon resumes its course. 

Mr. Siemens, when desired, joins to his apparatus a printing- 
press, which operates bj electro-magnetic action ; but the mech- 
anism of the apparatus is very complicated, and has not been 
generally used. 

Mr. Siemcns's telegraph requires, in order to its acting well, a 
perfection of execution, which has been realized by Mr. Halske, 
a skilful mechanician of Berlin, but which in general can only be 
obtained with difficulty. This circumstance, added to the com- 
plication, and consequently to the high cost, of the apparatus, has 
rendered the employment of it not very general 



PART IV. 

SUBTERRANEAN AND SUBMARINE ! 




CHAPTER XIII. 

Ab Boon aa the fact was CEtablished that a. lele^graph coulf %e 
ranstructed through ihe aid of electricity, the attention of dis- 
coverer^ both in this country and in Europe, was turned to the 
invention of some perfect insulating substance by which the 
wires could be enveloped and buried in the earth. It was not 
deemed desirable, or in fact pmctiirnble, to place Ihem in the 
open air upon poles, from the fear, in the first place, that they 
would be constantly broken by accident, or from malicious mo- 
tives ; and. secondly, it was supposed necessary to insulate them 
from the atmosphere, which, as I have before observed, is now . 
known to be a valuable auxiliary in the passage of the current. 
Tarred yam, with a preparation of asphaltum, was among the 
first insululors used for covering the wires. The lines conslmctcd 
at government expense, between Wasliinglon and Baltimore, 
were covered in this manner. A plough was also invented by 
Mr. Cornell — one of Professor Morse's earliest assistants — 
for the purpose of opening a trench in the earth for burying 
the wires; but on account of the expense and the difficulty of 
obtaining anything like good insulation, the idea of laying them 
under ground was for the present, at least, abandoned. HtitI, 
if it was decided to relinquish the idea of building subterra- 
nean lines in this country, the fact was apparent to all, that 
perfect insulation, or something approaching it, was impera- 
tively demanded for crossing straits or wide rivers, where masts 
15 
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could nol be erected upon wbicli to carry the wires out of reach 
of sliipping. 

For tlu's purpose copper wire, wound with several layers of 
cotton jam dipped in asphaltum varnish, and the whole enclosed 
in a lead tube, was used. Mr. Alexander Jones ol' Mew York 
designed a submarine cable, the covering of wbicb was to bo 
glass, in the form of a ball-and-socket joint. The object was to 
get something which would unite both strength and flexibility, 
and at llic same time funliah the best insulation. Wo do nut 
know whelbcr Mr. Jones ever had any of this cable manu- 
factured, but lie was endeavoring, in the winter of 1847, lo 
get some of the telegraph managers to engage in the manufac- 
ture of it. It is probable, however, that nothing was done about 
iti for about this time that wonderful substance, gutta-percbo, was 
discovered, which was destined to work a great change in inter- 
national telegraphing. 

This substance was applied to submarine telegraphing at once, 
it proving to be one of the best noD-conduclars known. In this 
country wires covered with a thin layer of gutta-percha were 
used for connedions about the offices, and were also run through 
the branches of trees, where it was dii&cult to prevent the wires 
from touching the moist leaves, and thereby losing much of the 
current through the ground. But in this respect the experiment 
proved a decided failure ; for the gntta-percha, being a compar- 
atively soft substance, was soon rubbed off against the twigs of 
the trees, and exposed the wires to much worse escajte than they 
would have been subject to without it. Owing to this blunder, — 
for it can be called nothing else, — one line between this cily and 
New York was rendered useless for uearly two months, and these 
pieces of covered wire bad to be taken out, and the line taken out 
of the trees, before it could be worked. 

For river-crossing, the gutta-perdia covered wires were en- 
cased in lead tubes. In this manner the Bain line crossed the 
Connecticut River at Middletown, in 1849, in the most satisfac- 

Gutta-pereha, when exposed to tlie atmosphere, undergoes a 
change, which in a very short time renders it of no use as an 
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insulator ; a thousand miouto cracks being perceptible upon lliQ 
surface, whicli allow the moisture lo penetrate to ttie conducling- 
wirc, and thus, of course, to form a connection hy wliich the cur- 
rent ia carried off upon the sarrounding moi^ fiubstances. From 
our observation, however, we are of the opinion, that, where gutta- 
percha is kept coaBianlly covered with water, or entirely seclud- 
ed froui the atino.gpbcrc, no change of this kind can tukc place. 
We have examined a cable recently, which has been manufactured 
seven yearii, and has been laid for lialf that time, wliich is as 
perfect na on (he day it was made. Therefore we cunnot mider- 
tland wliy Ihe subterranean telegraph system should have failed 
60 signally in Pniasia, where it waa originally exclusively 
adopted, and has since been abandoned. Oe la liive eays: — 
" The subterranean system, employed in Prussia, was obliged 
lo be abandoned on account of llie molecular changes which the 
gulla-pcrcha [ben employed tmderwent in the course of titnc, and 
which, by permitting moisture lo infiltrate into il, establish a com- 
munication between the interior wire and the ground, and thus 
cause tlie current to be diverted from the desired direction. In- 
genious metiiods had been well devised, which were founded 
upon Ohm's law, in order to discover the points of rupture ; but 
the frequency of accident, joined to the difficulty of repairing 
them, has appeared lo present greater inconveniences than those 
wliich are presented by the aerial lines, the establishment of 
which is. besides, much more economical However, in towns, 
where the length of the circuits is never very considerable, the 
employment of subterranean conductors presenla in so many 
respects such great advantages, that they have been generally 
adopted; only, in some cases, simple iron wires, deposited in 
a bed of bitumen, and covered with a layer of ibo same sul>- 
^lance, have been preferred to copper wires covered with gutta- 
pcR'lia. These wires are so large, that the current does not 
suH'cr any resistance ; and actual csperimenla have proved 
that their insulation is sufficient However, wires covered 
witb gutla-percha, carefully prepared, serve the same pur- 
pose ; and they are employed with advantage in Ibe passage 
of iviegrapliic lines through tunnels, against the aides of which 
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tlipy are fiseil, without fear of any defect of iDSulation resulting 
from it. All the lelegraph lines in England have very long lines 
of eublerranean guttu-pcrcba wire laid, in some cases along the 
railway, and in others along tumpike-roada, which servo well. 
The wires of ihe Magnetic Telegraph Company, which extend 
from London to [he English coaat, en route to Ireland, arc exclu- 
sively of tliia kind." 

De la Rive is excellent authority upon nil matters relating to 
the application of electricity, but we must differ wiih him in his 
conclusiona respecting subterranean lines, and the value of giiltn- 
percha as an insulating substance when exposed to the almos* 
phere. 

We think it will strike any one as aingular that the aublerra- 
nean lines should have fulled w) signally in Prussia, owing to 
moleculnr ehangea and the consequent infiltration of moisiure, 
when the same system lias been adopted by many of ihe tele- 
graph compiuiies in England, and serves well. The explanation 
of this secniing contradiction is, we presume, to be found in the 
fact that the wires in Prusaia were not laid deep enough in the 
earth to bo out of the influence of the atmosphere, and were 
conscquenlly open to the same objection which is made to the 
use of gutta-percha in the open air. The English linea, ujion 
llie contrary, it is to be presumed, are liud down below all atmos- 
pheric influence. Il is not, however, so easy to expliiin how he 
should have committed the error of stating that the simple gutla- 
[lercha covering should have proved an excellent insulator in 
running lines tlirougli tunnels, to the sides of which they are 
fixed, without other insulatora, unless, which is quite likely, he 
got the idea from some publication mode directly after the trial 
wofl made, and before sufficient time liad elapsed to destroy ihe 
insulating properties of llie gutta-percha. 

We have in lliia country but one subterranean line, and thai is 
of Ehort extent. The line extends from Nantucket lo Martha's 
Vineyard, a distance of thirty-five miles, and is divided into 
eleven miles of aerial, tliirleen miles of submarine, and eleven 
miles of eubtermnoan wire. Starling from Nantucket, the line 
runs for ten miles ujion post^, and then for three miles under the 
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sami lo the extremity of Smith's Point, where it n allacheil to 
an iron covered] cable, and runs under the channel to llie ialand 
or Tiickernuck, acroB9 Tuckernuck under ground, and thence 
under water to the island of Mu^keget, where it again runs 
under ground to the other side of the island, and tliere connects 
with an iron -protected cabia eight milea in lenglh crossing the 
channel between Muskeget and Chaiipui^uidic ; it erussea Chap- 
paquidic, a distance of three miles, and connects with a cable one 
mile in length acrOM the " Swimming Ground," to a point one 
mile distant from Edgariown, and ihenee runs in upon poles. 

This line has been built three years. The line extending 
across the island of Chappaiiuidic, three miles long, is laid about 
two feet under ground, without any other covering than a thin 
coat of guttu-pcrchfl. After it had been down two yeans, we 
tested it wiih a delicate instrument, and found the insulation per- 
fect. The subterranean line, three miles in lenglh, upon Smiths 
Point, was laid out originally in the same manner j but owing to 
the sand absorbing the rays of the sun, and becoming very hot, 
the gutta-percha covering cracked tmd peeled off in immense 
quantities, entirely destroying the insulatJon. The proprietor of 
tlie line has since laid down gullo-pcrcha wire enclosed wirhin a, 
small lead lube ; we presume, however, ho will never get a line 
to stand any length of lime there, unless he trenches several feet 
below tlie surface. The submarine lines have all elood the test 
with the exception of the longest one, across Muskeget ChanneL 
This has several times been hooked up by anchors, and commu- 
nication destroyed. 

The cable between Nantucket and the Vineyai-d was put in 
operation on the first of Kovcmber, 1859, and remains in good 
working condition up to the present lime. The Cape Cod 
Telegraph Company will shortly relay their cable between the 
mainland and the Vineyard, and thus place Nantucket in com- 
munication with the rest of the world. 

While upon tins subject, and before treating upon the matter 
of cables at length, which we propose doing, we will say a few 
words in reference to other cables which have been laid iu the 
eame vicinity. 
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The Cape CihI Telegrapli Conipiiny constrncted a branch be>l 
tween Wood's HoIg and Etigurtown, upon Martha's Vincyant^ 
A cnble vag laid between Nub^ue and West Chop, the I 
nearest jiointa respeirlively upon Cape Cod and the Vineyards' 
They also kid one between Wood's Hole and Naushon, one of 
the EUzal>etban group of islandii. Tlie cable between Nobsque 
and West Chop was five miles in length ; the one between Wood's 
Hole and Nnushon not quite a mile. 

The cable used was about three times as large as the Atlantic 
cable. It worked for a few wcekn, an<l then parlcil. It baa since 
been twice repaireil, with tlie same result, except tliat it did not 
stand so long as the first time. The tidal current bi;iween these 
two points is exceedingly rapid, thie of the principal causes of 
the fnitui^ in the cable, and the immediate one-, was the great 
quantity of sea-weed constantly drifting in the Sound, and which, 
collecting in huge masses upon the cable, farming in some eases 
balls of the size of a hogshead, offered such resistance to the im- 
mense boilv of water flowing through the Sound, that the cable 
iras snapped ai^under. 

It is hardly probable that any cable can be found of suflicient 
strength lo stand in this place for any length of time ; but if there 
can, it must be such an one as was devieed for the shore cnd« of 
the Atlantic cnble. The cable across the smaller sirjiii. between 
Wood's Hole and Nauslion, stood the test until the begintiiiig of 
the past summer, when, without parting, it had become injured in 
some manner so as to produce so much escape that it was found 
necessary to lay another, wtiich was done about the first of July, 
and it has cotiiinucd to work well since. 

The English were the first to lay submarine cables, and are 
now far in advance of the rest of the world in their manufacture, 
and in machinery for laying them. 

On January 10, 1849, Mr, Walker submerged an c 
gutta-percha covered wire, two miles in length, in 
Folkestone Harlwr, one end being connected wil' 
to London, The other with a telegraph inslmment i 
steamship. The fint message was sent to London at 12.49 P.l 
and eommunicuticiu was maintained during the day, until tlic n 
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was collected in. On Augast 28, 1S5Q, Mr. Jacob Brelt ran out 
temportuy guita-percba covered wire from Dover W Calais ; 
^gnols were passed from coast to coast ; but the wire, being un- 
prolected. was cut by ihe rocks, and faile<I next morning. In Sei>. 
tember, 1851, be Bubmerged the first permanent cable between 
Dover and Calais, wliich is still in use. It was once broken bjr 
anchors, but was repaired. 

Since this period several Bubmarine lines have been estab- 
lished : three are already in existence between England and the 
Continent, one abutting at Calais, another at Ostend, and ihs 
other at the Hague. 

Besides two between Engliuid and Ireland, others exist in 
the eeaa which wash Denmark and Sweden, as well as in ifafl 
Bosphonis. During the war with Russia, a line about four huo- 
dred miles in length was established in the Black Sea, betweea. 
Varna and Balaklava. 

Two olhers have also been undertaken, ihc extent of which 
will be immense. 

One of these is intended to place Europe in commiinication 
with Africa, and consequently, by way of Egypt, with Uie Eaat 
Indies, and probably Australia. Two attempts were made to 
accomplish this, which failed. In September. 1855, after sub- 
merging sixty-five miles, on entering the great depths, ibe cable 
ran out witli such violence, that it was necessary to cut it adrift 
and sacrifice it to save the ^hip and crew. In August, 1856, after 
submerging sixty miles, a similar run look place, and the cable 
was cut adrift ; eighteen miles of the shore-end were fished up 
and joined to Ihe hundred and lwenty.«ix miles still on board. 
Tills was safely run out ; but the hundred and forty-four miles 
were just exhausted when the ship was still in deep water, and 
while llie remnant on board was a few miles short in i^uantily. 
The cable was now lashed to the ship, which lay by in hoftes to 
hold her own till another length of cable, for which a telegmphio 
message hod been sent from the ship,shouh] arrive from I^ondoii. 
Bough weather came, and on the fifth day the cable snapped. 

A less heavy cable, containing four con ducting-wires, was de. 
posited safely between Bona, in Sardinia, and Cape Tclenda, in 
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Algeria, on September 9, 1657 ; but as it did not quite reach bd 
extra piece was sent out. The total distance is 125 miles ; more 
limn three fourtha of this distunce presents a, depth of from 1,G00 
to 1,700 fathoms, — nearly two miles. 

Fig. 72 represents several kinds of submarine cable. The 
conducting-wircs employed arc generally of copper, about one 




sixteenth of an inch in diameter ; more than one may be placed* 
in the same cable, and from one to six have been included, ac- 
cording lo the mulliplicily of correspondences to be transmitted. 
The wire, or each of the wires if there ore more than oncj is 
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covered wilh a coat or sbealh of gutta-percha one twelfth of an 
inch in thickness, and placeO on in two layers, in order the better 
re the insulation ; for if one of the layers presented a 
BOlutioa of oonlinuit;, it ii probable lliat it would not encounter a 
similar defect in the same point of the superposed layer. When 
there arc several wircii, they are arranged one alter another as 




the elements of a cylinder and tangent in respect to iheir gutta- 
percha envelope. The plocini; one of them in the centre is 
avoided, except in the case where there is but one, when the 
Nngle wire ie necessarily in the centre. The outer drcumference, 
s well as the wires Ihemselves, are furnished with tarred yam, a 
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material which is not a bad insulator, and which yields to pres* 
sure without altering the form of the couductiug- wires. But 
that H'hieh is essential is the external protefting envelope, which 
is formed of a variable number of Iik^^e iron wires, coiled heli~ 
coidally, so that the cable, notwitlistanding its strength, is able 
to bend according to the exigencies of the bottom of (he sea, 
when it is deposited therein. Thia exterior iron envcIo])e in 
early cables was covered witli a thin layer of einc, — galvanized, 
a« it is called, to prevent o^cidation. But experience has shown 
that thia erelong disappears, and that the chemical action of sea- 
water upon ihe iron protecting wires is not at all rapid. Deposits 
of sand and shells ore not without their use in assisting to pre- 
serve the meiat. 

Fig. 73 represents a variety of enhmarine cables, manufac- 
tured by Mes.-rs. C. T. & J. N. Chester of New York. 




Fig. 7-1 represents a variety of insulated copper wire designed 
for office connections, — partly covered with giilla-pereha and partly 
with a double coating of cotton, and twice coated with hot shellaa 
vamish. 
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THE ATLANTrC CABLE. 

The other and still more marvellous unitertaking, alluded to 
in tbe fure^ing cbapter, wna willi llio view of connet-iing Irelund 
with Newfoundland and Ncvr York, and of Uius permitting Eu- 
rope to communicate telegmpliioiiUy with Amerit^. 

Lienlcnont Maury, of the United Stittes Navy, bo well known 
his bydrographieal researches, caused a scries of regular sound- 
to be made, with the view of determining the form and con- 
idition of tbe bed of the ocean between the coaols of British 
America and Ireland. He found tliat, between Newfoundland 
and the we^t coast of Ireland, (be boitum consists of b plateau, 
which, as he sajrs, seems to liave t>een placed there especially for 
the purpo^ of holding llie wires of a submnrine telegraph, and 
of keeping them out of harm's way. It i« neither too deep nor 
too shallow ; yet it is so deep tliat the wires but once landed will 
remain forever beyond the reach of vessels, anchors, iceberg:", 
and drifts of any kiud, and so shallow lliat the wirea may be 
readily lodged upon the bottom. 

The depth of this plateau is quite regular, gradually increas- 
ing from the shores of Newfoundland to the depth of l,oOO to 
S,000 fathoms as you approach the other side. AH the speci- 
tens of tbe bottom brought up have lieen found to consist of 
iroscopic shells, without the admixture of a single panicle of 
sand. Had there been currents at those depths these 
ills would have been thrown about and abraded, and mixed 
less with tbe debrii of the natural bed of the ocean, such 
ooco, sand, gravel, and oilier raatl«r. Consequently, a tele- 
tphic cable once bid there, it would remain as completely be- 
il the reach of aecidvtil as if it were buried in air-tight cases. 
Twelve liundrc<I ami fifty miles of cable were coiled on bonni 
;amemiion, an English screw-ehip of war, and a like length 
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on board ihe Niagara, an Ammcan ship of war. On tlie even- 
ing of August 7, 1 857, the Ningani coramenceil paying oul the 
imble from Valcntia, on tlie west coojt of Ireland, and at 3.45 
A. M<, on August 11, 335 miles hod been successfully laid, when 
the cable parted, while in 2,000- falhoms, on account of the 
amount of retarding strain put upon it in order to check ita too 
i-apid run, whicb had become considerably in excess of the speed 
of the ship 

On Saturday', May 29, 1858, the Niagara and Agamemnon 
sailed from Quec&siown, on an experimental trip, for the pur- 
pose of testing the cable. On the SUt of May, in lat. 47" 12' 
north, long. 1)° 32' west, ihe depth of water being 2,530 fatboma, a 
series of deep-sea experiments was commenced. 

The Niagara and Agamemnon were connected by hawser, 
stern to stem, distant from each other some twelve hundred feet. 
The cable was paid out and spliced on board the Agamemnon, 
and ihe first esperiment began. Two miles of cable were paid 
out, when the wire parted. On the following day the cable was 
respliccd, and three miles were paid out ; but in the attempt to 
haul in, the wire again parted. On Wednesday Ihe cable was 
again spliced, but in a few minutes parted on board the Aga- 
memnon. After rarious experiments in splicing, lowering, and 
lieaving in, the squadron returned to Plymouth. 

On Thursday, June 10, the fleet again started from Plymouth, 
with Ihe Atlantic Cable on board. 

AAer having been three days at sea, the expedition was over- 
taken by a fearful gale, which continued without intermismon for 
nine days. On the seventh day of this heavy weather, the ships, 
which continued to keep together, had to part company, and the 
Agamemnon was obliged to scud before the wind for thirly-six 
hours. The cools got adrift and a coil of the cable shifted, bo 
that her captain for some time entertained serious apprehensions 
for her safety, and, from the immense strain, her water-ways 
were forced open, and one of her porta was broken. Two of the 
sailors were severely injured, and one of the marines lost his 
reason from fright. Tct such was the consummate skill, good 
seamanship, and intrepidity of her commander, Captain Priddle, 
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he was enabled to bring her to the tippoinUtd rendyzvous, 
52° 2', long. 33° 18'. The Niagara rode out the slorni gul- 

illy, liaring ualy carried anay her jib-boom and one wing of 
: ber figure-head, — the American eagle. 

All the vessels having arriied at tlieir centml jioint of junc- 
tion, the firet splice of the cable was mode on the 2Cth. After 
fittfing out two and a half miles each, owing lo an accident on 
board the Niagara, the cable juirtcd. The elupa having again 
met, the epiico was made good, and they commenced lo pay out 
the cable a second time ; but after lliey had each paid out forty 
Iniles, the current was broken, and no communication could take 
place between ibc ehlps. Unfortunately, in this instance the 
breakage must liave occurred at tlie bottom, as the electricians, 
from tbe fine calculations which their sensitive instruments al- 
lowed them to make, were able to declare such to have be«n tbe 
fiict, even before tbe vesiK-ls came togeiher again. 

The vessels met for the Ibird time on the 28th, and started 
afresh. Having paid out over 300 miles, the most sanguine an- 
ticipations of success were enlertained upon both vessels, when 
the fatal announcement was mode upon the 2'Jth, at 9 F. KI., that 
the electric current had cejised to flow. Both vessels relumed 
to Qucenslown, the Niagara arriving July bth, the Agamemnon 
July ISlh. 

Saturday. July ITth, the fleet was again under weigh, bound 
to the mid-ocean rendeivous. The fleet consisted of the Aga- 
memnon, Valorous, and Gtirgon, British ships of war, and of the 
Uniteil Stales steamship Niagara. 

The several vessels met in mid-ocean on Wednesday, the 38lh, 
made the qilice at 1 F. M. on Thursday, the 29lh, and then 
t.eparated, the Agamemnon and Valorous bound to Valentia, 
Ireland, and the Niagara and Gorgon for Trinity Bay, New- 
foundland. 

Tbe machinery for paying out the cable worked in the most 
Mtti»faelory manner, and was not flopped for a single moment 
from the lime the spiii-e was ninile until the arrival of the Niag- 
tira at Trinity Bay, anil ihe Agamemnon at Valentia, August Bib. 

On llie morning of August 7lli, ihe whole country was cleclii- 
16 
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fieJ by Ihe announcement from Mr. Cyrus W. Field, — to whom 
Ihe success of Ibc enierjirisc id mainly Uuc, — tliut llic cable was 
BucccssfuUy lajii, uml the electrical signals tbruugli the cable were 
[I effect, 

Akhougb tlie cable was successfully lanilcil u{>on ihe Gth of 
August, Ihe first public iluspatch — that of the Queen to the 
Pi-Rsidcnt of Ihe United States — was not reei'ived until the 17lh. 
Tbe cable worked until the 1st of September, when, owing to 
abrasion upon the rtjcks in the ocean, or ihruugU some other 
injury not yet determined, there occurred so strong an "earth 
current" as to prevent the oblainingof intelligible sigmila. 

The people all over the country appear to liave fully estimated 
tbe importance of the great telegraphic undertaking, which 
Beenied successfully accomplished upon the 6tb of August, 1658. 
Everywhere, in an impromptu manner, they gave vent to their 
joy by the discbarge of artillery, illuminations, display of flag^ 
&&: and even in inland places, distant from the gca-shore, the town 
bells rung out, in melodious tones, the announcement of the union, 
by the strongest ties, of tbe CHd and the New World, 

Tbe following poem upon the Atlantic Cable, written by 
E. J. O'Reilly, Esq., appeared in the journals of the day. 

Six thoiisanit jaajt have passed o'er curtb, 

Whilu Si-it^ncc, like b slrifiling, bon 
Tbd cropbicR of iu limiil birth, 

III Tirioiui forms, from shore to ihoro ; 
Bol now her latest, mightiMi chili. 

Which Franklin riewed and Morse careued, 
With glory ripe and undcfil«l, 

Ib laid within the ocean's breast I 

The mighty lightning herald sloqM, 

Till linman tonch awakes its flm. 
To send beyond the moming nad) 

Now tidings ere a pulse sxpiros I 
'Tislaidi Old Ocean feels a tliriU 

Throughout his time-sealed bosom now, 
And jiolds to man's victorious will, 

The crown long placed on Nepluno'e brow. 
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Calm u tbD deep ia sammor'i niga 

ADd wild, ss JD iu wintiy wrath. 
Shall be, nilh Taricd joj' or pain, 

Each meesnge through iu occaa path ! 
Withia 'm gnra, beneath the itonn, 

It lirea, a breathing thiug of life, 
As tlicy sbnll livs who gave ii form. 

In fame, when cdUed from mortal strile 1 
Soon, like Orion's belt of lire. 

Its broad electric ann shalt hold. 
With all A monorch'ii strong desire, 

The world and all its varied fold I 
And from its longnc through everj sphere, 

Till Time and Earth t<^ihcr coaae, 
Mankind the t,'lorious talc <biiU hear 

Of commerce, brotherhood, and peace ! 

In regard lo Ihe paasage of the eleclrical current through the 
I wire when submerged in llie ocean, which has been a contro- 
I verted question, the Atlantic Telegraph Company' instituted ex- 
[ periments before the niunufiiclure of the cable, which are B^d 
I to have estiibliabcd the followiug principles and facta: — 

That gutla-percha covered aubmsriiie wires do not transmit as 
dmple insulated conductors, but that they have lo be charged aa 
I LevdcD jars before they can transmit at all ; — 

That coQsequently such wires transmit with a velocity that is 
o no way accordant with the movement of the electrical current 
n an unembarrassed way along the simple conductors; — 
That magnelo-electric currents travel more quickly along such 
I wirca than simple voltfuc currents ; — 

That magnelo-electric currents travel more quickly when in 
high energy than when in low, although voltaic carrenifl of large 
intensity do not travel more quickly than voll^c currents of small 
intensity ; — 

That the velocity of the transmission of signals along insu- 
lated submerged wires can be enormously increased, — from tha 
rale, indeed, of one in two seconds, to the rate of eight in a single 
second, — by making each alternate signal with a current of dif- 
ferent quaUty, positive following negative, and negative following 
positive ; — 



Thnt the dimmiition of the velocity of the transmission of a 
magncto-cleclric current in induction embarrassed coated wires, 
is not in the inverise ratio of the squares of ilie disiaiice trav- 
erseJ, but much more nearly in the nitio of eimplQ nrillimolical 
progression ; — 

That several distinct waves of electricity may be travelling 
along difierent p&rts of a long wire simullaneouslj, and wiihia 
certain limits, without interference ; — 

That large coated wires used beneath the water or earth are 
worse conductors, so far as velocity of transmission is concerned, 
than small ones, and therefore are not so well suited as small 
ones for the purpose of submarine transmission of telegraphic 
signals; — and 

That by the use of comparatively small coated wires, and of 
electro-magnetic induction-coils for tho exciting agents, tele- 
graphic signals can be transmitted through two thousand miles 
with a speed amply sufficient for all commercial and economical 



is given below : — 

Price deep-sea wire per mile, ..... S 200,00 
Price spun-yam and iron wire, per mile, . . . 265.00 
Price outside tar, per mile, ..... 20.00 

Total per mile, g ^85.00 

Price as above for 2,500 miles, ... $ 1.212,500.00 

Price 10 miles deep^ea cable at S 1,450 per mile, . 1 4,500.00 
For 23 miles shore-end, at S 1,450 per mile, . ._ 36^0^0 

Total cost Sl,2G3,250.OO 

Tlie United States sleam-frigale Niagara, which was em- 
ployed in laying the cable, is the largest ship of war in the world. ■ 
She is 345 feet long, with 55 feet breadth of beam, and 31 feet 
6 inches depth of hold, and measures 5,800 tons. 

The British steamship Agamemnon, associated with the Niag- 
ara, measures only 3,102 tons. She is 230 feet between perpen- 
diculars, with 55} feet breadth of beam, and 24^ feet depth of 
hold. 
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As iJierc lias been considerable s(?epticism manifested in regard 
I to ihe actual iransmission of com munical ions througb the Allan- 
I tic Cable, va bitve thought it advisable lo present the following 
Tlncontealable proofs of the fact. Tbey consist of an abstract of 
Wth« diariea kept at Newfoundland and Valentia, in which are re- 
1 aorded all the messages and conrer^adons wiiich passed througb 
the cable during llie period of its operation. 

In these mesiiagea we have a complete history of (he cable, — 
a history of which it is itself the narrator. — from the day in 
which it began la speak intelligibly, up (o that on which it be* 
came silcnL 

It is the opinion of many, well qualified to judge, that the fail- 

nre of the cable was owing to the bungling and mismanagement 

I of both the engineers and electricians of the comiiany who had 

■ charge of it ; for it was owing to their neghgence, iu the first 

place, that the defects were produced in the insulation. 

The first complete message in form received at Valentia from 
Newfoundland, through the Atlantic Cable, was on August 12, at 
5.35 P. M., as follows : — 

" Laws, Whitchouse received five minutes signal. Coil signals 
too weak work relay. Try drive slow and regular. I have put 
I intermediate pulley. Reply by coils." 

August 13, at 12.38 A. M., Newfoundland asks Valentia to 

I "Send word Alhintic." Valentia responds, "Atlantic," This 

i the first word read in Newfoundland which came through 

the cable. During the day some additional intelligible signals 

I were received, 

August 14, at 1.53 A. M., Valentia sends lo Newfoundland, 
"Send faster," These were the first words recorded in New- 
foundland, anil the manner in which iho record was mode is seen 
by Newfoundland's reply to Valentin, sent 2.55 A. M. " Under- 
t atand. Send faster. Now try mesange. We get your signal* 
I on delicate detector by tapping and marking tlie paper with pen- 
l dJ, for the time the needle is held over on either side." 

At 11.20 P. M., after much difficulty in Iransmitling inlellifn- 
L ble signal^ Valentia received the following from Newfoundland. 
W* Saward, — E. M. Archibald, New York, telegraphs, ' Instructed 
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by Honorable Directora Atlantic Telegraph Company, and Direc- 
lors New York, Newibundlond, and London Telegraph Company, 
to state that uuex|)laincd delay injures interests both companies^ 
I replied, — 'Cuuse not passing measles — ihat instruments re- 
quire great care and adjustment. Doing fast iwssible. You 
should not look on cable as on ordinary short line, as we en- 
counter many little difficulties, but think all soon overcome.' De 
Sauiy." 

August 15. Scarcely any intelligible signals receiTeU either 

August 16. Some Bignala passed intelligibly each way to 
11.12 A.M., when Valentia sent the following despatch to New- 
foundland, which was correctly received: — 

" Directors of Atlantic Telegraph Company, Great Britain, to 
Directors in America. Europe and America are united by tel- 
egraph. Glory to God in the highest; on eortli peace, good-will 
towards men." 

Newfoundland responded to Valentia : — " Directors ; — All 
right. WiU you receive one?" 

At 4.15 P.M., Valentia commenced sending the Queen's mes- 
sage, but at 6.29 P. M., after sending as far a3 "greatest inter- 
est," the operator wrote, " Wait repairs to cable." And it was in 
consequence of his making this interruption, without aignitying 
that the despatch wa.s not finished, that the unfortunate error took 
place of forwarding that communication before completion. 

The Queen's message was not completely finished imtil 6.43 
A. M. of the 1 7lh of August. During that lime the repetitions in 
answer to nuestions from Newfoundland were very much embar- 
rassed, probably by earth currents. It was raining very hard in 
Newfoundland during tlie whole time. 



TnE Q [TEEN'S ME9EAQB. 

"The Queen deares to congratulate the President upon the 
Buccessful completion of this great intenmtional work, in which 
the Queen has taken the greatest interesit- The Queen is con- 
vinced the President will join with her in fervently hoping tliat 
the electric cable which now connects Great Britain with the 
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United States will prove an additional link lietwccn the tno na- 

whose frieodsliip is founded upon their comoion interest 

^cip^ocal esteem. Tbe Queen lias much pleasure in thus 

I directly communirating with the President, and in renewing to 

a her best wishes for the proeperity of the United Slates," 

At 10.10 A. H., August 17, Newfoundland sent the following 

I despatch : — 

"Directors Atlantic Telegraph Company: — Entered Trinity 
Bay, noon, fourth. Landed cable at six, Thursday morning. 
Ship at once to St. John's two miles shure cable, with end ready 
for splicing. When was cable landed at Valentia? Answer by 
telegraph, and forward my letters to New York. 

"Crucs W, Field." 



> Newtoditolasd. 



"Acknowledged, Go o 



I 



"Have you more? Always give ihe signal 'Cleared out' 
when you linish." 

"Saward to Whitehouse: — Mr. Cunard wishes telegraph Mo 
Iver, Europa collision Arabia. Put into St. Johns. No lives 
ioet Will you do it ? Stay anxiety, non-arrival. 

" De Sautt." 

After the transmission of this despatch, which Valentia re- 
ceived with the loss of but two letters in the address, New- 
foundland was unuble to receive anything during the remainder 
of the day. 

August 18. Notwithstanding both stations made every exer- 
tion lo restore comtniinication by nlieniately sending and putting 
in instruments to receive, nothing more was read at Valentia, and 
not one word in Newfoundland during the whole day. It is 
projwr to state, however, that from 6.40 A. M. until 9.08 P. M., 
operations which took place at A'alenlia prevented tlie possibility 
of transmission or reception. From G.40 till noon, Mr. Canning 
was engaged in lifting the cable in the harbor. From noon until 
1.30 P. M, efforts were made lo communicate, and from tbia lime 
till 9.08 P. Sr. operations obstructed electrical working. 
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August 13. 

Newfound LA HI) To VAhKmtx. 

"See to adjuatment. Can you recoive President's 
Been here eiace yesterduy." "We ciui't read." "GurrentJ 
too weak to read." " Very good curreDld, but can't read. 
Send Cs." 

ValeHTIA to KeWFOL-NDLiSD. 

" C. C. C Faster." 

(This in answer to Newfoundland's request to send C's for ad- 
justmenl.) 

'' Send message fast." 

(These vfords came in very good signals. The deflections on 
galvanometer very strong.) 

N'bwpoukdlamd to VAijjrriA. 

" Have you received message for Mclver ? Send acknowledg- 
ment-" 

Valehtia to Kewfocmolamd. ^H 

"Ko." ■ 

Newpoiimdlanu to Valemtia. ^M 

" D. C. Mclver, Liverpool : — Arabia in collision with Europoi 
Cape Snce, Saturday. Arabia on lier way. Ilead ulighlly in- 
jured. Europa toet bowsprit, cutwater; stem sjiruug. Will 
remain in Sl John's, Newfoundland, ten days from sixteenth. 
Persia ealU at St. John's for mails and passengers. Ko loss of 
life or limb. Cdnabd." 

"Mew Yoii, August 17." 

VAI.EI<TtA to N'EWroUSDLASD. 

** Cunard. All righL Go on." 

KlWFOUHDLlIlII TO VaLEMTIA. 

Tnc riucau>E9T'B Mesiaoe. 
" Washington City. To Her Majesty, Victoria, Queen of Great 
Britain: — The President cordially rectproeates the congratula- 
tions of Her Majesty, the Queen, on the success of this great inter- 
national enterprise, accomplished by the science, skill, and indomi- 
table energy of the two countries. It is a triumph more glorious, 
because far more useful to mankind, than ever was won by con- 
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[qneror on the field of battle. May the Atlantic Telegraph, uoder 

5 blessings of Heaven, prove to be a bond of perpetual peace 

land friend?liip between the kindred nations, and an instrument 

eaigned by Divine Providence to diffuse religion, civilization, Ub- 

irty, and law througliout the world. In this view will not all the 

■ nations of Christendom epontaoeously unit* in the declaration, 

that it Bliall be forever neutral, and that its communicaiinns shall 

bo held sacred in passing to the place of their destination, even 

^in the midiit of hosLilitiesi' James Bughanam." 

VAliBHTIA TO SeWTODNBLABD. 

" President's all right." 



"Tour current much stronger; but cannot read your signals. 
IKepeat." "Received. Send a few words." "Your currents 
Pyery weak. Repeal." 



Vali 



"Hown 



n you read ? " 

MEWrOL'NI>LAK[> TO VaLBNTU. 

"Understand. Better than ever. Please always < 
I by attack and give final signals, as we receive on 
rBelay won't work." 

" To Whitehouse. Please send large circular galvanomcler." 

Valbhtu to Nbwtocmh-ibi). 
" Can you take message for Field ? " 

(At S P. M-, Valentia had finished message to Mr. Field. 
Currents were strong, but very irregular, and only the last live 
words were readable. This was the message commencing " Di- 
I rectors have just mel."J 

NlWFOlTStlLAntl TO Valextta. 

" Strength of your current constantly varies. Send Field's 

Bincssuge." '' itopeat all from beginning to ' tariff.' " " You should 

^ever send more than a. dozen words at a time in long messages. 

lepcal all of lust message before ' tariff.' " " Cau't read. Send 

a and dashes." " After ' cmi you.' " 
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"How D 



\ 



KEWFOUtlDI.AND TO VALIKriA. 

" Better, Bcpeat message to Field." 

Valehtia to KiwrounoLAND. 

" Try read on galvanometer." 

Kewfodndlahd to Valkjitia. 

"Yes. Repeat Field's message." " All to word * the.' " "Un- 
derstand after ' meu' " 

(The lost ten messages refer to the following message to Mr. 
Field, whicli, although commenced at 3.55 P. M. on the 19th, 
was not finished until 1.45 A. M. of the 20th.) 

August 20. 

MKWFOUItDLASD TO VALSMTtA. 

" Now from Valentia to ' tariff.' " " End. Understand." 

Vai.EMTIA TC) NeWFOl'dDtASD. 

"CW. Field, Newfoundhind. August 17, 3 P.M.: — The 
directors have just met. They heartily congratulate you on suo 
cess. Agamemnon anchored at Valentia at 6 A. M. on Thursday, 
August 3. We are just on the jmint of chartering a ship to lay 
shore-end. No time will be lost in sending them out. All yoar 
letters have been posted to New York. Please write to me fiilly 
about tariff and other working ftrrangemenfs." 

(This message was repeated from Newfoundland to Valentia to 
show that it was understood.) 

" Can we send faster ? " 

NKWrOUSDI.AI>D TO Valentia. 

" Yea. I have two messages since morning. Can I send one 'f " 

VaLEXTU to NKWrOunDLAMD. 

" SeDd faster." 

Kewpousclahd to Valintia. 
"How do you receive now ? " 

VALKSTIA to SEWFODKCLAIfll. 

4 Splendid on Thomson's galvanometer, and print on Uorse 
key. How do you?" 
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NEWFODBIlLJLin) TO VALEKTIA. 

trork with Morse key aod detector. Will you take me»- 

Vaxjentia to NEwroiT)iDi.;i!(n. 
cao't unless on Compony'a service." 

NEWPOutii>i.Ain> TO Valextla. 
"New York, August 18, Directors of Atlantic Telegmph 
CoDipanj, London: — The Directors of New York, Newfound- 
land, and London Telegraph Company desire to express to the 
Directors of the Atlantic Telegraph Company their joy and grati- 
tude for facilities and privileges on coming into eloper union and 
fellowship with them and our fellow-men tliroughout the world. 
May the success which has crowned our labors secure to the na- 
tions of the earth a perpetual bond of peace and good fellowship. 
'• Peteb Coofek, Pre$ident." 



VAI^ttlA T 

" Directors ail right." 



Mewfoundlasd. 



"New York, 13. Directors Atlantic Telegraph Company 
London : — Niagara arrived lo-day. All welL Full reports by 
mail. I drew on you, from St Johns, at three days' sight, £ 750 
aterling, to pay laborers on Niagara. Great rejoicing all over 
country successful laying cable. Please request Admiralty to 
permit the Gorgon, Captain Dayman, accompany Niagara New 
York. " C. W. Field." 

VALwrriA TO }iKvin^umiUASO. 

" Received acknowledgment of message. Field to Directors." 

NeWFUUKUCANH to VALEIfTIA. 

"To Whitehouse: — Please send out a large circular golva- 
LiKimeter and another relay or two as soon as possible. 

" Dk SAtTTY," 

"If you have anything, go on." 

Valhttia to Newpot;si>i.arp. 
"Bartholomew to De Sauly: — Whitehouse in London. Your 
y aboot galvanometer gone there." 




NcWFOUnULAND 

" Cleareii out." 

Tlte Mewfoundland diaiy had in it the following words: — 
" First-rale signals from Valeiiliu this morniug," Tliia was the 
first lime the cleared-out signal was given by both stations at 
aame lime. All commuoutttioiis had been accurately gut off lo 
their destinations fram both sides of Ihc Atlantic. The operators 
then spent two or three hours in chatting, dtiriog which Newfound' 
land reports superintendent and slaff quite well, and Bull's Arm 
Station henceforth lo be called " Cyrus Station." 
NuwroiiN HI-USD TO VAi^EirriA, 
" Saward : — Two cable-spticcrs and gutta-percha jointer here 
waiting to make a splice in shore-end. All welL 

« De Sadtt." _ 
Vxummu. to Nbwfoukdunh. 
" We will send coil currents. Say if you will receive, 

Newfodmilasd to Valentia. 
" Signals very good. Will you receive from Mayor Halifax 



EC?" 



o Lord Mayor of London 
" Have you received my last bc 

Vanestia tu Ki 
" We can't take messago." 

Kkwfovndlahd 
"The two messages are from Muyors Halifax and Toronto. 

VaLEHTIA to NKWFOUSDLAim, 

" Wo have asked London. Wait." 

NEWFanUDLAND TO Valentia. 

" Well, have you asked those messages of De Sauty ? " 
" Have you messt^e." 

VaLESTIA to KeWFOf SCIJNll. 

"No." 

NEWFauitm.Aitii to Vai.ebtia. 
" Waa message about Europa made use of? " 

"Yes: it was sent for puLli 



t 

fait: 

i 
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MlWrOU'tnLAXD TO Valettu. 

" Wlial weather have you ? " 

VALBHTtA TO NeWroCI>DI.A^D. 

" Very fine. Yours ? " 

Newkoi-nuusd to Valestu. 

" Mosquitoes keep biting. This is a funny place to live in, — 
fearfully swampy." 

All mcssagea cleared out agala from boUi slationa. 
August 21. 

VaLEHTI* to NBWTOOBI>l.AJr». 

" Wc ivish you to send coil currents. Are you ready ? " 

NEWTOUNDLAim TO VALEHTIA. 

" Beady." 

VAlfTriA TO KIWFOUHDI.AIID. 

" We send Vs." 

Good dots and Vs were receiTed at NewfouDdlond. 

Kewfucsdlami) to VALEmU. 

" Yes, we read well." 

Valejitia TO NeWFOL'SDUSD- 

" Can you read ? Send fiisL" 

"I will send Vs by coU current. Say if you get them. Are 
I you ready ? " 

KEWFOVXDLA9D TO VaLEMTU. 

"Yes, quite ready." "SLoll be glad to hear from you." 
(After an hour's intcrmissiou,) " Your signals not readable." 
Vauxtia TO KEW>mKi>uin>. 
" ITow now ? " 

Newfouudlavd to Valuttia. 
■• Belter." 

" De Sauty to Bartholomew : — Ask Saward send 35 feet g 
gutUk-percha lube, and two gulta-perchn siphons with tops, and 
fifteen pounds gutta-percha, g sheet." 

Vai-kiitia to Kewfocholahc. 
" Barthokuncw to De Sau^ i — Understand. How eignala 

17 « 



il SUBTEBRASEAN AND SUBMAIilSE USES. 

NEWKOUKDl-Aini TO Valkmli, 

" Nol very good. Repeat my lasi." 



" Bartholcmew to De Sauty: — UnderstanJ. Can you take 



KEWrODirDLAND TO ViLEKTIA. 

" Yes, but repeat figures of ray last." 

Valkmtia to Nbwcoukdlano. 
" Thirty-five, lliree eighl, two fifteen, three eighL" 

Nkwfoundijisd tu Valentia. 
" Understand. Send message." 

Valkstia to Newemusdlakd. 
"Thomson to De Sauty: — Onlcr McFarlane to arrange a 
mirror galviuioraeter for receiving. Use the innermost coil i 
power sleel magnelic adjustmeaL Say when will be ready." 

Newfodndlahd to Valhhtia. 
" Now ready. Go on." 
" Land galvanometer in circuit. Signals beautiiliL" 

VALENnA TO XeWFODBTIIAND. 

** Is this first time it is in circuit ? " 

NEWPOUI(DI.AliD to VaUUTTIA. 

" No. Send thirty-five words as fast as you can." 
Valentia to Newfoukiilahd. 

" Use hundred Daiiiell's, with reversing key in your next. We 
are going to test the cable, and only wail for a specimen of your 
battery signals. After receiving which, we ehiiil explain what we 
want." 

Newpoondijibd to Vauejitia. 

" Understand. What reversing key do you mean ? We are 
getting ready Daniell's. If you send again, send faster." 

" Can't read." " Shall we send battery currents since every- 



thing ready?" 
August 22. 



" Please send sometliing." 



Nkwfouthh.a; 
" Can you receive message ? ' 



I TO Valentia. 
(After an l.ou 
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iHoW do you receive?" (Seven 
Li receive thia ? " 

Vale-ITU to NEwFOuaoLAHD. 
" Can j'ou read lliis ? " 

Neitfouhdi.aj(d to Valcntu. 
" Yes. Can j-gu lake message now ? " 

Vaue-tth to KaWForsOLAlTD, 



intennisaton.) " Du 



"August 21, New York. Right- Honorable Sir Walter Car- 

Lden, Lord Maj'or of London : — I congratulate your Lordsbip 

■upon the eueccsErul laying of the Atlantic Cable, uniting conti- 

Tnents Europe and America, cities London and New York, Great 

Britiun and the United Stales. It is a triumph of science and 

energy over lime and space, uniting more closely the bonds of 

peace and commercial prosperity, — introducing an era in the 

world's history pregnant with results beyond the conception of a 

\ finite mind. 

" Daniel F. Tikuanm, Mayor." 



" Mayor's message received." 
" Insulate for two hours, and say when yoi 
I peat this." 

NBwrou!<iiLA»D to Valkwtia. 
" UndeiBtand. Cable insulated." 
" Have you finished testing ? " 
" Repeat. Send much slower." 
" Signals are good, but your sending comes very baiL Re- 

" Please repeat service." 
" Repeat service message." 

The above were all the signals read afler Uie transmission of 
the Mayor's message nt 2.15 P. M., until lU.ld P. M. 
VxiatmA to NKwrottjn>i.AKii. 
lomson lo De Sauiy : — Put delicate dcledor in circuit, and 
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■ weak cuircnls from us, thirt}' minutes each way. 



1 



N«WIT)I)»DU*KD TO VALEKTIA. 

" Repeat word after ' us.' " 

Vai^utia to NRwrot'iiDUAirti. 
"Thirty." 

NEwrorjiDCjRo to Vaucntia. 
■• Understand. Ready now." 

August 23. It rained very hard in Newfoundland from 
night until aix A. M. 

KKffFOl'lIDl^KD TO VaLEVTIA. J 

" Your currents very irregular. Repeal." 



" Signals weak. Will you take message from Lord Mayor ? " 

KlwrODiniLAHD TO Va].ehtia. 

" Tm i teai litUe fester and better." 

VA1.IKTU TO NKwror ICO LANK. 

■■ Gite ' understand' every twenty words." 

NiwroumLANii to Valextia. 
" All right Send much faster." 
" Understand, faster." 
Testing nenrly the whole of tlie day at Valentia. 

August 24. 

Valertia to NEWforsi>i-un>. 

" The Lord-Mayor of London to the Hon. Daniel F. Tiemann, 
Mnyor of New York : — The Lord Mayor of Jjondon most cor- 
dially reciprocates congratulations of Mayor New York ujtOD th<? 
success of so importoDt an undertaking as the com|il(!tiun of the 
Atlantic Telegraph Cable. It is indeed one of the most glorioit!' 
triumphs of the age, and reflects the highest credit upon the 
energy, skill, and perseverance of all parties intrusted with so 
difficult a duty; and the Lord Mayor .sincerely truBt;^ that, by the 
ble4sing of Almighty God, it may be llic means of reuniting 
those kind feelings that now exist between the two ccimtrics. 
" R W. Carduc, Lord Afiiyor' 
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NBWrOUSDLABD TO VjUjaiTtA. 

" Repeat between 'duty' and 'sincerely.' " 
" Aleaeage all right, — underalood." 

VaLKWTIA to KKWroU!n)I,*NB. 

" Thomson to De Sauty : — On what inalrument do you re- 
Eeeive? How many divisiona defierlion do you get? Wbat bat- 
I tery? How many cells? What key? Directors desire you 
I Knd news, public interest, but none commercial. Have you any 
I now?" 

" Can jou take a long message ? " 

Xewvousdi.akd to Valbxtia. 



ViLWm* TO NBWrOCSOLASD. 

"Saward to De Sauty; — Answer by telegraph what length 
rfiore-end you require, bihI if Rny amall c)ible aa a reserve. How 
much surplus had Niagara, anil where is it ? Have you aplicea 
1 jointers enough ? We lutve chartered the Bilboa to lay [he 
I end. Telegraph full particulars, and if you require anyiluug 
f beside gutta-pereha articles I will send them by the Bilboa. 
Newfol'milasd to Valektia. 
" Repeat from ' shore-end ' (o ' flmalL' " 
" Acknowledged Saward to De Sauty." 



"C. W. Field: — We desire you to place in Aroeriea about 
I j6 15,000 unappropriated £ 30 shares, authorized February last, 
[ Beply by telegraph. Soonest. C, M, Sampson." 

KlWFOlSDl-AllD TO VaI.ENTIA 

" Acknowledged message." 

VaLBNTIA to N'BWnnJSDLAini. 

" Answer each question about instrwncnts." (Refers to Thom- 
r con's message.) 

" Your currents vary much. Very weak to-day. How ours 
I to-day ? " (This is in answer to Newfoundland's nttenipt to send 
i message.) 

17" 
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Nbwfoui(i>i.aj<i> to Vauwtijl. 

" To Thomson : — RcceiviDg on your galT&nomcier, thirty di- 
visioDa. Galvanometer seven degreea. Print local circuit by 
band. The large Smee's. Wliitchouse's reverBing key. News 
Persia. De Sautt," 

" Have you received message right ? Service for Saward. 
"Will you lake it ? " 

VaLENTIA to NKWFOITHDLiJin. 

'' Yes ; and prepare after h> receive Thomson's compensated 
currents." 

Newfouicdland to Valemtu. 

" De Sauly to Saward : — Two miles shore-end ample. Have 
half-mile sraall cable ; plenty. It is slowed on beach. Two 
splicers and jointer here. Six gallons naphtha required. Please 
Bend authority to draw on Brooking. £ 100 required immedi- 
ately for laborer's house in a wilderness. Roads to make and 
woods to cut down and clear. Ought to have some more relays. 
Hare only one great difficulty in sending letters from here. 
Have written fully." 

VALXBTLA to NEWn>UIIT>[.AND. 

" Understand. Give news of Persia. Also public news for 
morning papers. Send much faster." 
August 25. 

KEWrouNPT.,\sn to Vai.bstia. 

" Persia takes Europa's passengers and mail. Great rejoicing 
everywhere at success of cable. Bonfires, fireworks, /«« dtjaieg, 
speeches, balls, etc., etc. Mr. Edily, the first and best telegrapher 
in ihe Stales, died to-day. Pray give some news for New York ; 
they are wad for newt" 

'■ Understand. SenC to London for news. 
Thomson's cturentB. SayVhen ready." 

1. — _^ Valentia. 



Meantime take 



" Splendid sending. We are quite ready, 



Murray to Thomson : — Signals very weak. Send stronger 
L" -■ 



■' Can y 



THE ATLAMIC CABLE. iQ'j 

VAucnxiA TO Kewfodiii>i;.ahd. 
"Thomson lo lIcKiirlane: — Wliere are keys of the glass 
[ cases anil ttrawers in ilic apimratus-rooin ? " 



" MtFarlune lu Tliomson : 



— Don't recoUet'L" 

I Newfoithulahd. 

■Are Americim wires broken, or 



" Sawartl to De Sauty : - 
working ? " 

ttsttrovTiw^iib TO Vauektu. 

" Working." 

Valkktia to KawrotuiDi^BD. 

" TiL-kl : — I t,end my warmest congratulations on the success 
of the Atlaniiu Telegraph. God be praised ! Gurnet." 

(This was acknowledged by Newfoundland.) 

■• North American with Canadian, and the Asia with direct 
Boston mails, leave Liverpool, and Fuliou Soulhanipton, Satur- 
day next. To-day's morning pnpers have long, interesling re- 
ports by Bright. Indian news, — Virago arrived at Liverpool 
10-day ; Bombay dales 10 July. Mutiny being rapidly quelled." 
Sewpoi'ndlasd to Valeiitia. 

" Sampson, London : — I will attend to your reijuest. Have 
no doubt I can do what you require. CrKua TV. Fjeld." 

Tiiia was acknowledged by Newfoundland. 

August 2G. 

"Why don't you give 'finis' (signal) when you have done?" 

Valextia to NewropuDt.AKO. 
■■ We have had storm, Willi thunder. Cable put lo earth for 
one hour twenty-five minutes." 

(Professor Thomson was testing from !) A. M. till 1 1.30 A. SI. 
On the morning of Tliursdav, August 2fi. there was a storm of 
heavy ruin, accompanied by thunder and lightning, in Newfonnd- 
I land. It commenced at 2.30 A. M., and at 3.05 A. M. the light- 
I ning was so inten.4e that the end i)f the cable was put lo earth 
Ifbr pmtei^tion. At 4.S0 A. M. the eitorm ceased, and at 7.15 
F A.M. the weather is noted as having been since very fine.) 
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" Can't read your signals. Si'tid slower, and repeat all," 
"Your eigiiala too weak to read." 

" Your signals very weak. Have twenty messages for j 
Will you take tbem ? " 

" Your signals better. Repent." 

" Try only one galvanometer in eireuil. Wo must understand 
stoppage of Monday night and leom hon to manage." 



" What do you mean by stoppage of Monday night?" ^H 

" Underfitand. Go on." ^M 

VaLENTIA to SElTPncSDI.iNB. " 

" Saward to De Sauly: — T. H. Brooking & Co. authorize an 
advance on your order by Mepbum to extent of one hundred 
pounds." 

"Thomson to DeSauty: — Yotir signals were very weak Mon- 
day nigbt at 1.12 Greenwieb time. None came from 2.44 to 
4,06, Tlien very weak indeed. Improved later. At 8 good. 
We sent one message eight times, from 2.45 till 5.13, Had no 
reply. Stoppage agiun from 2 to S in tbe atlemoon. Can you 
explain why ? Tell us each time." 

Newfounolasd to Valsmtia. 

"Understand. New York, 25 August Samuel Gurney, Esq., 
London: — Many tlianks for message reeeived. Amerieana wild 
with joy. Great celebration tbrougliout the land, September 1 



and 2 
August 27. 



•' C. W. Field." 



NeWFOOSriLABD TO Vaiestia. 

" Have you received messa^ to Gumey ? " 
" Please lake message, Thomson." 

Valentia to KKwnjnnDLAsD. 
" No. MuBt send long press messages. Are you ready ? " 

Newfu[tkdi.aiii> to VALEtcrtA. 
" Understand. Signals weak. Send ten words at a time." , 
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a NKWFomiPLjtRjt. 



"George Saward, Secretary Atlantic Telegraph Company, to 
' ABSocinled Press, 58 Beaver Street, New York ; — Newa for 
America by Atlantic Cable. Emperor of France returned to Paris 
Saturday. King of Prussia too ill lo visit Queen Victoria. Her 
Hiycsty returns lo Eugland 31st AugueU — Si. Petersburg, 21et 
AuguBt, Settlement of Chine*e question. Chineu Empire open 
to trade ; Ofin'ttian religion allowed ; fortign diplomatic offe/Ut 
admitted; iWcinrnVy to England and France. — Alexandria, Au- 
gust 9. The Madras arrived at Sues 7lh insL Dates, Bombay 
19tb, Aden 31sl. Gwalior insui^ent army broken up. All 
India becoming tranquiL" 

This message was commeooed at 2.10 A. M. and finished at 
11.10 A. M. 

ViLEBTlA TO NeWFODUDLASII. 

Do Sauly : — Till not troubled by stoppage, every day, shall 
eenil, and you receive, from 12 to 1, from 2 lo 3, from 4 lo 5, &c. 
Tou send frora 1 to 2, from 3 lo 4, &c. Never stop during hour. 
Give reveraals when not speaking." 

XuWPOtlllDIuUO) TO VaLEKTIA. 

" Is this Greenwich time ? If w. give ua 1 o'clock." 

Valintta to Niwfochdi.amd. 
" Tea ; we begin now, and lo II, if you understand." 

Kewfocxulahd to Valemia. 

" Understand." 

August 28. 

Miwmicimi.Axn to VALSiiTU. 

" To the Directors : — Take news first, Saward. Sir William 
"Williaroij, of Kars, arrived Halifax Tiiemlay. Enthusiastically 
■received. Immense procession, welcome address, feeling reply. 
Held levee ; large ntimbers presented. Niagara saile<I for Liv- 
•rpool at one this morning. The Gorgon arrived at Halifax 
night. Yellow fever in New Orleans, sixty to seventy rleaths 
per day. Also declared epidemic, Charieston. Great prepara- 
tions in New York and oilier places for celebration to be held 
Ist and 2d Sept. New-Yorkers will make it the gre.ilest gala 
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Aaj ever known in this country. Hermaiiti sailed for Fntzer's 
River ; six hundred passengers. Prince Albert sttilcd yesterday 
for Galway. Arabia and Ariel arrived New York; Anglo- 
Saxon, Quebee ; Canada. Boston. Europa left St. Jolin'a this 
evening. Splended aurora Bay Bulls to-uight, exiending over 
eighty-five degrees of the horizon. 

"De Kacti." 

VALBHTIA to NBWrOUHDLlJtO. 

" Understand ' per." Send faster." 

" Repeat ' Sept' to ' day ever.' " 

" Take one Irom Thomson. Can you read ?" 
Newfoundlakd to Valevtia. 

" Understand, ' yes ' ; understand." 

" After ' fifty yards,' repeat." 

"We received badly all day Monday; weak signals on after 
' fifty yards.' " [Messages referred to some parts of a message 
which lliey could not make out in Newfoundland, and which tfa^ 
did not succeed in obtaining.} 

"Nothing received." 

" Say if you have received Thomson's." 

VaL.E)ITIA to KKWFOUBDUtlCD. 

" No ; send it." 



TO Valemtia. 



" Shall repeat messago Thomson." 
August 29. 

VaLEBTH to NEWTOmiDLiMII. 

" How are my signals ? " 

(No communications from Newfoundland to-day.) 

August 30. 

" Can you read ? " 



"Yes, wo e 
ieliere Kelts ii 
Receive tni om 
from coil o/yv 



Valentia 1 



R's slowly. Saward atks 
How are my ngtiaU ? Persia arrived Saturday, 
i/alvanomelei- only, fault siffnals, produced currents 
ir larger galvanometer." (None of the words ital- 



iciKed were read in Newfoundland.) 
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KBWFODinilAtni to VALt-HIA. 

" C&a read some of your sending. Tiike tbis message ; — New 
[ York. Tiie Directors Atlantic Telegraph Comiiany, London. 
r Purtie* pressing njwa us messages for Europe. Wlien vrill line j 
« open for business ? Has Mr. Morgan sailed for New York ? I 
I Early in the moniing of September I, please send mc mess 
I that 1 eao read at the ctJebration that day, and another on the ] 
I 2d, I can read at dinner that evening. 

" C. ^V. Field." 
August SI. 

VALENTU to NEWrOCMDliAHD. 

" Can you read ? We have two goremmeat messages. Will 
you lake ? Reply direet." 



"Try, but send." 

Valextu to Newfoubdlabd. 

"The Military Secretary to Commander-in-Chief Horse 
Guards, London. To General TroUope, Halifax, Nova Scotia: 
— The sixtj-second regiment is not to return to England." 

(This message, and that which will be found farther on in re- 
gard to the tliirty-ninth regiment, saved to the British goremment 1 
the sum of fifty thousands pounds (§250,000), by avoiding tha 
shipment and transportation of troops.) 

New pott.io LAND to Valemtia. 
" This received ; The Military Secretary to Commtinder 
Chief Horse Guards, I^ndon." 

" ' Trollope,' understand. Go on aficr ' Scotia.' " 
"Is it finished after 'England?'" 

VALK-tTI* TO NKWrOl'llDLASn). 

' Yes, Now lake anolher. Are you ready ? " 



V*t.«NriA TO ; 
" The Military Secretary 
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Guards, to General Officer oommBnding, MoDtreal, Canada: — 
The thirtj-ointh regiment is not to return to England.** 

KEWpouxDuonD TO Valbhtia. 
^ I want you to repeat ^ Canada.* " 

VaLEHTUL to MEWVOUjrDLAVD. 

"Can't read. Try < Danieh."* 

NEwrouxoLAKD rro VALEimA. 
** Repeat from * Canada' to * return.' " 

September 1. 

VaLEMTIA to i taWfUUIIUL AHP. 

" Canada. The thirty-ninth regiment is not to retum.** 

Nkwfouvdlakd to Vaucktia. 
" Understand. Will you take a service ? " 

Valkstia to Kewpouhdlaxd. 
« I will try. Slow." 

NKWF0Uin)LAin> to Valentia. 
" We have received nothing since you repeated last" 

Valektia to Newfoundland. 
" Can you take message ? " 

NEWFOUNDLAim TO VALBimA. 

"Yes." 

Valektia to Newfoujtolahd. 

« C. W. Field, New York : — The directors are on their way 
to Yalentia to make arrangements for opening wire to public 
They convey through cable to you and your fellow-citizens their 
hearty congratulations and good wishes, and cordially sympathize 
in your joyous celebration of the great intomational work." 

Kewfoundlaicd to Valektia. 
" Forty-eight words. Right, right" 
(These were the last words received at Valentia.) 

VALEKTLA. to NEWF01TKDLA2n>. 

"Right (signal understand)." 



I 
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Some portioni of the foUowing message were received in New- 
Fftundland: — 

C. IP! Field, Nei0 York, pkatt inform American govemmna 
we now in position to do beet to forward their govemmenl 
to EnglaniL 

" SxwARD, London." 

I the mesBage were received in New- 
the kat received from Valenlia. 



The worda Italicized i 
feundland, and thej wen 



A Sammarff, showing the Number of Menaget, and the Wordt mid 
Letters theg contain, teftl tlirough the Atlantic Cable from V'alen- 
tia to Newfoundland. 



Fridaj, 


Aug. 13, 


SatunlB.7, 


" 14, 


Sunday, 


" 15, 


Monday, 


■■ 16, 


Tuesday, 


" 17, 


Wednesday, 


'■ 18, 


Thureday, 


^ 19, 


Friday, 


** 20. 


Suuiday, 


" 21, 


Sunday, 


'■ 22, 


Monday, 


" 23. 


Tuesday, 


" 24. 


Wednesday, 


" 2.i. 


Thursday, 


- 2fi, 


Friday, 


" 27, 


Salurday, 


" 28. 


Sunday. 


« 29. 


Uonday, 


- 31., 


l^iMday, 


■' 31. 



L Wednesday, 



.Sepl. 1, 

20 Jays 



967 
626 



mm 



WP 
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A Summary^ showing the Nwmber ofMu9ttg$9^ and the Words and 
Letters they contain^ sent through the JJbaUic CaJUe from Neuh 
fotmdlcmd to Valentia. 



DV. 


Mt. 


Mo. of 
Utmmn 


Ko.or 

Word!. 


Ho. of 
Lettan. 


Tuesday, 


Aug. 


10, 


16 


54 


231 


Wednesday, 


a 


11, 


12 


41 


182 


Thursday, 


u 


12, 


5 


43 


167 


Friday, 


u 


18, 


27 


221 


1,103 


Saturday, 


u 


14, 


17 


249 

• 


1,238 


Sunday, 


u 


15, 


8 


58 


285 


Monday, 


u 


16, 


18 


129 


623 


Tuesday, 


u 


17, 


10 


268 


1,335 


Wednesday, 


u 


18, 


2 


12 


60 


Thursday, 


u 


19, 


21 


352 


1,740 


Friday, 


u 


20, 


23 


415 


2,054 


Saturday, 


a 


21, 


17 


121 


565 


Sunday, 


u 


22, 


14 


140 


700 


Monday, 


u 


23, 


4 


18 


90 


Tuesday, 


li 


24, 


12 


154 


764 


VV ednesday. 


iC 


25, 


14 


129 


640 


Thursday, 


(( 


26, 


13 


109 


546 


Friday, 


u 


27, 


18 


67 


335 


Saturday, 


a 


28, 


7 


170 


850 


Sunday, 


u 


29, 


— 


— 




Monday, 


u 


30, 


2 


76 


375 


Tuesday, 


u 


31, 


7 


39 


187 


Wednesday, 


Sept, 1, 


4 


20 


98 



Total, 



23 days, 271 2,885 14,168 



The reader is aware of the tenacity with which many people 
have held to the belief that the Atlantic Telegraph was an imprac- 
ticable undertaking, and of the controversy which w^as waged a 
few months ago, which had for its object the refutation of the 
statement that the cable was ever successfully worked, or that 
even a single word was sent from station to station. A reference 
to the summary of the messages presented above shows that from 
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the lOlfa of August to tlie I8tfa of September oae hundred and 
twcnly-nine messages were sent from Vult-iitm to Newlbniidland ; 
while the number sent from Newfoundland to Valeiiiiu during llie 
same period was two hundred and scvenly-onc, making n lulul of 
four liundred messages sent both iruya. This aialement is veri- 
licil on oath by Henry W. Irvin of the Eleelric Staff in New- 
foundland, and Edward Bull of the Electric Staff at Valentin, 
Ireland, before Sir. Itubcrl B- Campbell, United States Consul at 
London. 

" For Cjrrus W. Field, Esq. : — Correct diary of messages sent 
through liie At]antic Cable. 
"July 4, 1850." 

'- Cyrus W. Field, Esq. : — I hereby certify this document to be 
a faithful and complete record of (he communi<'ations and uieasoges 
sent and received through the Atlantic t«lcgra|ih cable during the 
period of its working, — vis. from August the 10th to September 
the 1st, inclusive, — extracted from and collated with the diaries 
kept at the respective stations, at Volentia, Irelind, and Cyrus 
Stolon, Bay of Bull's Arm, Newfoundland. 

" Uehrv W. Ibvis, 

0/lhe £lettrical BlafU jVew/umiflnnA" 

" London, July 7, 185D." 



"I, Bobert B. Campbell, Consul of the LTnited States of America 
for London and the dependencies thereof, do hereby certify that 
on thb Gth day of July, in the year of our Lord one thousand eight 
hundred and fifty-nine, before mo personally appeared and cnme 
Henry W, Irvin, to me known, who signed the following certificate 
in my presence, and then and there acknowledged the same to be 
his tree ad and deed. In testimony whereof, I have herewith set 
my hand and affixed my wnl of office at London, this day and yew 
above mentioned, nnd in the eighty-third year of the independence 
ofthetaid United States. 

[Seal.] "Borert B. Campbell, 
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■■This is to certify that I was on board the Agamemnon during 
tiie laying of liie Atlnntic cable, and employed on the electrical 
staff from the lime the cable was landed, Augiiit 5, 1858, to the 
4th of November, 18o8, inclusive, and that the annexed is a cor- 
rect account of messages sent and received tlirough the Atlontw 
caltlc from August 10 to September 1, both inclusive, H 

"Edward Boll, ^J 

qfOM EUdrical Stafal Yalmtia, /rat)ai"l 

Here, then, we have four hundred hard, Bolid facta for the 
digestion of those who still contend that no message was ever 
received through [he Atlantic Telegraph Cable. Some, how- 
ever, went »till further in their eccpticism, asserting that the 
cable never was laid; and one individual in England beeame so 
crazy ujKin the subject that the police authorities of London were 
obligeil 10 look af\er bim. The array of fitcts which we present 
will do more to satisfy the public mind in regard to the ultimate 
success of the great work, iban anytliiug that has yet been pub- 
lished. Who can doubt for a moment that it will be accom- 
plished, when be leamg that uU tlieee mc^isages were transmitted 
through ibc cable under tlie most unfavorable circumstancee, and 
despite the defects which it is now known existed in the insula- 
tion? And here it may be well, as this is an important feature 
in the history of the enterprise, to refer to it more at length. 

When the cable was in prctcess of manufacture in the factor)' 
of Messrs, Glass and Elliott, in Grecnwicli, near London, it was 
coiled in four large vata, and there left exposed, day after day, to 
the heat of a summer sun, which was intensified by ihe tarred 
coating of the cable to one hundred and twenty degrees. This 
went on, day after day. with the knowledge of the enpneer anil 
electrician of the company, although the directors had given ex- 
plicit orders that sheds should be erected over the vats to prevent 
the possibility of such an occurrence. As might have been fore- 
seen, the gutta-percha was melted, so that the conductor which it 
was desired to insulate was m twisted by tlie coils that it was left 
quite bare in numberless places, thus weakening, and eventually, 
when the cable was submerged, destroying the insulation. The 
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iigury was partial]/ di^overcd before ilie cable was taken out of 
the facloiy at tireunwich, aiid a leiigtli of about thirty niilus waa 
fut oul and cutiduinncd. Tliiit, bowuvcr, did not wliully rumedy 
the difficulty, lor the dcfet^tive tnaulation became t'rt^quenlly and 
.painfully apparent while the cable was being submerged. Still 
further evidence of its conilition was aflbrded when it came to be 
cut up for charms and trinkets. Despite of all this, however, it 
ow proved iti the most conclusive manner that the cable not 
only worked after it wa;s submerged, between Ireland and New- 
foifndland, but that four hundred messages were eent through it 
«ven in its defective condition. 

Tliere i« one fact particularly deserving of notice, as showing 
the great importance of ibe Atlantic Telegraph in a commercial 
point of view. We refer to the collision of the Eurnpa and Ara- 
bia, which was made known under two days after its oeeurrenca 
off the coast of Newfoundland. But ibis is not all, for there is . 
another, if possible, still more conclusive on the subjecL The 
Drilish government was cnableil, tlirougb the transmission of two 
despatches lo Hnlitiix and Montreal, to countermand the sailing 
of a large body of troops who bad previously received orders by 
lo proceed to India. The amount which they saved by the 
telegraph in Ibis way is estimated at two hundred and fifty ihou- 
«and dollars. Of the commercial importance of the line, how> 
ever, there can be no doubt, when it is known that, almost imme- 
diately after the cable was laid, the company were beset with 
applications and requests that it should at once be thrown o|>ea 
for the transmission of business messages. 

The best guaranty for llie permanent success of the enterprise 
Is lo be found in the new basis upon which it has been placed. 
The company have reorganized ihe eleclritral and engineering 
ilo]>arimcnts, and have got rid of iheir former chief electrician 
and engineer, and the useless members of their res|>eclive corps. 
This is the wisest tiling they could have done, and the only 
wonder is that they did not dismiss these gentlemen before i but 
the company imagined they could get along with Ihera wiihi 
I resorting to so severe a course, — a course which, however 
re it might appear, was yet the only one lefl, snd the t 
18* _ K 
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which we now see they have been obliged to adopt. The bung- 
ling moDner in which the elcctricinns scntionL-d at the opposite ends 
of the line performed their work, is evident from a perusal of the 
messaged to wliich we liave referred. They appear lo have had 
no regular eystem, hut evidently worked without a aettled plan, 
and as chance favored ihcm. Now, in consideration of ull tliis, 
llie only wonder is that they were ever aide lo get a single mes- 
sage tlirough the conductor. However, as we have said, they 
have beet) discharged, the two departments have been reorgan- 
ized, and, with the experience which the company have acquired, 
there ii no iloubt that their next success will be a permanent one. 
The revolution whiuh baa been effected in the electrical and en- 
gineering departments was accomplished during the recent visit 
of Mr. Field to England. This is just what was wanted to insure 
the success of the enterprise, and we liave no doubt that in the 
-course of another year the Atlantic telegraph will be a fixed fact, 
so that when the next war breaks out in Europe we shall receive 
daily despatches in regard lo its progress. In conclusion, we 
may state that preparatioiks are now being mode for tlie manufac- 
ture of a new and improved form of cable, the conductor of which 
will he composed of a strand of eeven wires, about double the thick- 
ness of the conductor of the cable which now Ilea stretched along 
the great telegraph plateau from the two island outposts of the 
Old and New Worlds. By increasing the thickness of the core, 
or conductor, greater rapidity in the transmission of messi^es is 
secured, besides greater strength in the copper wires of which it 
is composed. We also learn that two vessels are now in course 
of construction for the express purpose of laying cables, and that 
they will be ready long before the time appointed for the setting 
out of the next expedition. The British government will, we 
understand, give the services of two of their war steamers as 
escorts, and furnish as many men as may be required. 

The following statement from Mr. F. C. Webb, Chief Elec- 
trician of Ilie Atlantic Telegraph Company, dated Valentin, 
August 10, ISaQ, is the late^^t in regard to the condition of the 
cable. It is addressed to the Chairman and Directors of the At- 
lantic Telegraph Company. 
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" Gentlemen : — 

" According to your request, 1 liave made, from Vakntia, a 

[ careful examinatioa of the electrical state of llie Alktnlic cable. 

I I made some tests for comparison on the various pieces of Alkn- 

f lie cable in Messra. Glass's premises at Greeuwich, during July 

81 and August 1. 

" I arrived here on the 4th instant, and, assisted by Mr, Collelt, 
made experiments during the 5th, Cih, 8lh, and 9th instnol. 

" I find the lowest resistance shown to be 278 statute miles. 

" 1 find it is possible to increase ibis resistance up to 589 miles:, 
by sending a copper current for soroo time from six 12-])lale 
DanieU'a baiieries, 

" lly experiments I have made on various kinds of constructed 
faults, I find that a fault which could he thus oxidized so as to 
give (by reversal of the current) a difference of re-iislance equal 
to the difference obtainal>le on the cable, viz. 311 miles, must 
give a minimum resistance of about 16 mile?. 

" When the fault is lat^e, and thus gives little resisloacc, no 

great change can be obtained by reversing the battery; and, 

indeed, it is evident that when the connection between the line 

and earth is Increased beyond a certain extent of surface, no 

rence in the resistance of the circuit can be obtained by 

1 reversing the battery. 

"When tbe fault b very minute, it can be almost perfectly 
sealed up by a copper enrrcnt, but the resistance will still be very 
great, even with a zinc current, 

" My experiments show that a fault of about IG miles, mini- 
mum resistance, con be varied with certainty by reversal of tho 
battery to the same degree aa the fault in the cable; and that if 
the fault gives less resistance than 16 miles it cannot be varied 
to that extent, while, if It gives more resistance, the variaUon 
cannot be produced with the same certain^, nor quite to the 
lame degree. 

" Taking, therefore, tlie resistance of the fault and cable bft- 
yond the fault lo be equal to Id miles, this would bring the fault 
to about 2ft3 statnte miles from Vnlentio. 

" As I have no intbrmalion of the return current duo lo differ- 
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ent lengths of ibe Atlnntic cable, which might have been ot 
and tabulaleil during the paying oul of the cable, it is impossible 
to check ihc rcsislonee teals uecuratety liy the observed return 
current, 

" Comparing it, however, with the return current on the Cagli- 
ori and Malta and Corfu cableK, and making, roughly, allowance 
fur the increased size of the gutta-i>en'Jia in Uic Atlantic cable, 
I find it to bo about what is due to the supposed distance of the 
fault 

■* I also made experiments on llie return current with a wire 
leading la earth from the cable, and by placing re.<>ielancea in cir- 
cuit in ihii wire I could represent a fault close at hand, and of 
varying rc^islunce. 

" I found tliat in such an arrangement, when the artificial fault 
gave a rcristiincc of 300 miles, the rcium current was only re- 
duced about 2'2 per cent. 

■* If the real fault, therefore, was close at hand, the roinm cur- 
rent of the whole length of perfect cable beyond the fault would 
be only reduced atwut 22 per cent also. 

" I am of opinion that tlic observed return current is much 
less than 78 per cent of the retuni current due to the whole 
cable, as it would be if tlie fault were close at hand and of a 
retfisiance of about 3<X> mile-s and tlint it coincides as nearly as I 
can judge, with that due to The length shown by the resistance. 

" Again, when the ariilicial fault was made to represent a 
resistance of 2C0 miles, and then increased to 580, the return 
current only increased about 17 per cent, whereas when the real 
fault is increased to the same amount of resistance (by sending a 
copper current for soma lime) the return current increases about 
80 per cent. This eliow* alw that the return current is more 
influenced by tlie partial healing of the fault, tluui it would be if 
the fault was a small one near at liand, and consequently tends 
also lo confirm itie supiusiiion that tlie fault is distant, and 
offer^ when at ila minimum, little rcststuncc. 

'I am of opinion, therefore, that a serious fault exists al>out 
2C9 statute miles from ^''alentia, measured along the cable, and 
that the cable betwcea that spot and this shore is coroiianuirelj 
fettKk 
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,n now dei^ide whellier the cable is 

all attempts to tliitifut li.e reception 

from the ojipMiti; ghorc have long 



"No tents from here < 
mechanically severeil, eino 
of ihe most iotengo c 
mnce proved fruitless. 

" Still, from the various circumstances attendant on the dccUne 
of the insulation, there is every reason to Imlieve that the coo- 
tinuity both of (he cable and the conductor is perfect. 

" Whellier any other faults exist beyond the one alluded to, it 
is imjiotsihle to ascertain by tests (ivta V'alentia. 

"The fact thai Uie EignaU received at Valentia were alvrays 
better than those received at Newfoundland proves, undoubtedly. 
, that the worst insulation lias always be«D near Valcntia; and 
Llberefore it Reeros probable that if the fault which exists on this 
I, and which, very likely, fonns Uie principal c«usc of leakage, 
I eould bo removed, the insulation woulif be so far improved as 10 
render the cable ngiun avtulalile for Eignolling, provided the 
fault which is said (by those who have tested from Newfound- 
land) to exist in Trinity Bay were also repaired. 
" I have the honor to be, Gentlemen, 

•• Your obedient serrant, 

" F. C. Webb." 
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CHAPTER XV. 



at ihnngh tU Iht miKIi, tnd Ouir wocdi In Uh md of tb* i 



Ahono the unpossibilitieB enutneraled lo convince Job of hia 
ignorance and wcakneas, the Aliaigbty nsks, " CanHt thou send 
liglilning^ that Ihey may go, and say unio thee. Here we are?" 

At the present day, every people in Christendom can respond 
in the afflnnative. 

Tlie lines of electric telegraph are increasing so rapidly, that 
the length in actual use cannot be estimated at any moment with 
accuracy. At the commencement of 164$, it was stated that the 
length in operadon in this country was about 3,000 miles. At 
the end of 1850, the lines in operation, or in progress, in the 
United States, amounted to 22,(X)0 miles. In 18i>3, the total 
number of miles of wire in America amounted to '26,375. 

It is but fifteen years since the first line of electric telegraph 
was eonslructed in this country ; and at the present time there 
are not less than 50,000 mites in successful operation on this 
continent, having over 1,400 stations, and employing upwards of 
10,000 operators and clerks. The number of messages passing 
over all the lines in this country annuiilly is estimated at upwards 
of 5,000,000, producing a revenue of $ 2.000.000 ; in addition 
to which, the press pays S 200,000 for public despatches. 

In Europe there are lines rivalling those in America, The 
electric wire extends under the English Channel, the German 
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Ocean, the Black and RvA Seai>, and the HedilemineAn ; it passe* I 
from crag to crag on the Alps, and runs tliruugb Italy, Switzer- | 
land, France, Germany, and Russia. India, Ao^ralia, Cub^ I 
Mexico, and several of ihe South American Slates, have also j 
Ihetr lines ; and tlie wirt^s uniting ihe facitic and Atlaaiic Statu I 
will sliortly meet at the pu&ted of the Bocky Mountains. 

Tlie electric telegraph, which hiks made eucIi rapid strides, ia I 
yet in ita infency. The cHecl of its future extension and of new j 
applications cannot be estimated, when, as a means of interooursa | 
at Iva&l, its networit sbnll spread through every village, bringing \ 
all parU of our republic into the closest and most intimate reliw I 
lions of friendahip and interest. In eonnedion with the railroad 
and steamboat, it has already achieved one important national 
result It has made possible, on (his continent, a wide-spread, 
yet closely-linked, empire of Slates, such as our fathers ni 
imagined. The highest oHtcc of the electric telegraph, in the 
future, is thus to be the promotion «f unity, peace, and good-will 
limong men. 

In Europe, Great Britain and Ireland have the greate!<t num- 
ber of miles of electric telegraph, — namely, 40,000. France 
has 20,000; Belgium, 1,000; Germany, 35,000; Swilicrland, 
2,000; Spain and Tortugal, 1,200; Italy, 0,600; Turkey and 
Greece, 500; Russia, 12,000; Denmark and Sweden, 2,000. 
In Italy, Sardinia ba« the Ini^est share of lines, having about 
1,300 miles ; ond in Germany, afler Austria and Prussia, the 
largest Bhare belongs to Bavaria, which tuis 1,050/ Sitxony has 
400 miles; Wilrlemberg, lO.i. The distance between stations 
on lines of Continental lelegmph is from ten to twelve taitc« 
on the average, and the number of tliem is aliouC 3,800. 

In France the nee of the electric lelegraph has rapidly in- 
creased within the last few years. In 1851, the nnmbcr of dc- 
ipntches Iranamitted was 9,014, which produced 70,723 francs. 
In 18o8, there were 463,973 despatches tmnsmilted, producbtg 
8,516,634 fmnc!. During the lust four years, that is to say, sinco 
all the chief (owns in France have been in electric communica- 
tion with Paris, and conser^uently with each other, there have 
been sent by private individuals 1,492,420 despatches, which have 
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produced 12,.i28,.'i91 fmnra. Out of ilm 07,728 despatches t 
chunged during ilm hul Iliree nioniLs of 1858, 23,7 i8 were wilh 
Paris, and 15,409 wiih ihe tliirry most important towns of Frantc. 
Tlieso 15,409 dttspnlches are dividLni, as to llidr objeut or nature, 
as follows : — Private and family nfFrtir.', 3,102 ; joumuU, 523 ; 
commerce and munufacturen, G,132 ; Bourse ulTiiirs, 5,253 ; sun- 
dry affairs, 3i»9. 

In Git-at Britain, Ihe rate of charges upon the telegraph lines 
was fonncrly very exorbituni, but witbin a few years a great 
improvement lios taken plai-c Aceording to the tariff, its lost 
arranged by the Electric Telegrapli Company, all messages con- 
BiBling of not more than twenty words are transmitted to dio- 
tances not exceeding 50 miles Ibr 25 cents ; to distances not CE- 
ceeding 100 miles, for G2 cents ; and to ail greater disinneeH, for 
$L2o. For each additional ten words, or fj-action of ten words, 
proportionate charges are made. In certain exceptional cases the 
!25-cent charge is extended to much greater distances than 50 
miles; and the G2-cenC charge to much greater distances than 
lUO miles. These exceptions include towns of the highest com- 
mercial and manufacturing imjiortance, with which a large iele> 
graphic business must always be transacted. Thus, between Lon- 
don and Birmingimm (1 12 miles), the charge is only 25 cents ; 
and between London and Liverpool (210 miles). London and 
Manchester (180 miles), and London and Carlisle (3U0 miles), 
the charge is only G2 cents. 

Among the more recent improvements in the transaction of 
telegnipbic business which liavc been made in England, the fol- 
lowing may be mentioned. 

Franked message papers, prepaid, are now issued, procurable 
at any t'tationer's. These, with llie message filled in, eiin be de- 
spaiclied to tlie office when and how tlie sender likes ; and the 
Company intend very quickly to sell electric stamps, similar to 
our postage-stamps, which may be stuck on to any piece of jiaper, 
and frank its contents without any further trouble. Another very 
important arrangement, ibr mercantile men, is the sending of re- 
mittance messages, by mcims of which money can be paid in at 
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ILirerpool or Manchester, or by the eamc means sent up t« 
'n with ihc like ilespottli from Liverpool, Munciiesler, Bristol, 
Birmingham, LeeU^ Glasgow. Edinburgli, Neweaitle-on-Tyna, 
Hull, York, Plymoulh, and Kxeler. There 'u a money-order 
office in llie Loihbiiry csliibllshment to manage this department, 
which will, no doubt, in all cmcrgendes, e|>cc(lily su[ier^de thq 
government money-order offiee, whieh workd through the slower 
medium of the po>L-office. 

The actual celerity with which correspondence b transmitted 
between London and parts of Eurajic mure or less remote, may 
be judged from the fact thai the Queen's st>eGeh, delivered at the 
opening of the recent Parliamentary ge.<ision, v/m delivered vert 
liuiiin, and circulated in I'arid and in Berlin, before her Majesty 
liad led the Hoiue of Lord«. 

. Mi^ssages have been sent from the office in London lo.IIam- 
;. Vienna, and, on certain occasions, to Lcmberg. in Galieiat 
; of 1.800 miles, and their reception acknowla 
jed by an instantaneous reply. 
Lin Australia, the eletUric lelegrnph is in constant use, affording 
ating revenue, and tlie mnount of business luxa forced 
II the government the necessity of additional wires. j 

pCubu has sis hundred miles of wire in upernlion. Mes^^gee 
i transmitted only in Spanish, and the closest fiurveilluuc^ 
inlained by the government officials over all dcs|ialches 
ereil for transmission. From the fiict that no leas Itian a doxea 
a occurred in a despatch transmitted by a Boston gentleman 
a Cardenas to Havann, we judge iluit the lelegmphie appara-, 
enled by our lilierty-loving American. I'rofe*sor House, 
It such petty tyranny. 
' Several hundred miles of electric telegraph have been con- 
Blructed in Mexico -, but the unfortunate condition of the country 
for the lost few years has precluded the possibility of maintaining 
H in working order, and it lias, like everything else in tho land of 
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mcnte between the governmenta are; — That the Indian and Im- 
perial govemmeut« ehall connect India wiUi Singapore ; tliat the 
Dutch government shall connect Singapore witli the souiiieaat 
point of Java ; that the Australian governments ghail connect 
their continent with Java. The cable for the Singapore- Java 
eection was to have been laid during the month at' December, 
1859; the Indian Singapore section is to he lud this spring 
(18G0); and the connection with Australia will, it is believed, 
be completed in the course of next year. 

The Red Sea and India Telegraph Company have announced 
the arrangements under which they are prepared to transmit 
messages for the public between Alexandria and Aden. Mes- 
sages for Australia and China will be forwarded by post from 
Aden. It is considered probable that a direct communication 
wilb Alexandria will shortly be established through Constanti- 
nople, and then the news from India will reach London in ten 
or eleven days, 

A late European steamer brings a report that two Russian 
engineers have proceeded lo Pekin, China, to make preparations 
for a telegraphic connection between that place and the Russian 
territory. 

There is reason lo believe that arrangements will soon be made 
at St. Petersbui^, through private companies and government 
subsidies, for completing the line of telegraph from Novgorod lo 
lliG mouth of the Amoor, and thence across the straits to Russian 
America. A gentleman writing from Pekin, in August, 1SS9, 
states that these two engineers, one of whom is a Russian, and iho 
other a Circassian, had been engaged in laying out the route for a 
telegraphic line from St. Petersburg to the mouth of the Amoor, 
from which it would be extended, by the submarine process, to 
the island of Jesso, which is divided 1)etween the Russians and 
the Japanese. It may even be extended to Hakodadi, on the 
southern part of the island and in the Japanese territory, a post 
opened by the late Iroaties, and already attaining a high degree of 
commercial importance, especially lo Ru.^.-'ia and the United 
Stales. Think of it, — a telegraph from the Baltic to the Pacific, 
and through the most mountainous regions, llic most dreary des- 
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!, tile densest foreBte, and the most uncivilized races of Europe 
I Asift ! The Circassian said lie hnd passed tliroiigU forests 



whose G 
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great trees and uiiUergrowth were bo compact tliat he 

oould malce only three miles' progress n day. Me was often 

obliged lilerally to cut his way through. Tlio dbtancc from 

:Fekin lo Kiolihtii, in Siberia, where all commercial business is 

insactcd between the Uusnians and Chiu&se, or rather waa be- 

the lale treaties Lad been concluded, is one thousand miles, 

id Irom this point the Russians expect to extend a branch line 

Fekin itself. " Had it been my fortune to he here a few years 

Lce, — less, probably, than half a doien, — I might have sent 

you a telegraphic message, which, in o/eur mi'nulM, should tell its 

tale in your very oHice-building, instead of waiting an indefinite 

period for a conveyance to Slianghai, and then travelling about 

sixty days by sea and by land before reaching its destination. 

""he distance from Fckin to Shanghiu is a tliousand miles, which 

iBn travelled in about thirty-three days, in chairs, the usual mode 

' conveyance, as whcel-camoges are not used. The Prime 

lister told Mr. Ward, at Shanghai, that he would require aixty 

ifcya to get hack lo the capital. Mails are regularly carried from 

le capital to all parts of the empire, or at least to the capital 

ities of all the provinces. But they are carried on horseback, 

over the worst of roads, and, as I believe, con- 

Tey only governmental matter, — the Pekln Gazelle and imperial 

edicts from Pekin, and the reports of the provincial officials and all 

sortfl of Mandarins in return. The mail, therefore, does notJiing or 

little for llie general enlightenment and interests of the people. 

IWhen Siberia and China have established lines of telegraph, and 
■Uignelie wires unite St Petersburg and Pekin, the moat invind- 
[e old fogy will admit the world is making progress, in the 
material and eurllily, if not in the spiritual and heavenly. The 
ordhiary period occupied by the post in travelling from Pekin to 
St. Petersburg is about sixty days ; but, last year, at tlie conclu- 
Bion of the Russian treaty at Ticn-tsin, by almost su^ierlmman ef- 
fort it was done in a little short of forty days, horsc-Sci^h heading 
off steam, and tlie first news of pcare reaching France and Eng- 
Olid tlirough St. Petersburg, greatly to the mortification of both." 
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When llie telegraphic line is slrctelied fi-om St. Peter-burg to llie 
mouth of the Amuor and lo Fekin, and trout Loudun, uiidur Llie 
Ueditcrranean. across Egypt, und<:r the Kcd Sea mid tlie I'l^r- 
rian Giiir, and thence acrodd India and Slulayu to Sii>gfli>oi'c and 
Hong Kong, a work goon lo be compleled, llie disianee between 
the Kust and the West will be fairly and forever aanihilaied. 

In the mean lime, a company lias already been formed and iiicor- 
poratfd iu Canada, under the name of the Tranamundane Tele- 
grapliiu Company, which will alTurd important aid in continuing 
the proposed line through Biitish America. The jilun i^i, to 
carry ihe wires from the mouth of the Amoor acrodd Uuhring'a 
Strait, toand through Ruaslan and British America. From Vic- 
toria a branch will be extended to San Francisco, and anolh<-r to 
Canada. The line from San Francisco to Missouri is under way, 
and Mr. Collins, who is engaged in the Russian and Canadian 
enterprise, thinks thai, by the time it is in operation, lie shall have 
extended Ins line lo San Kranciseo. 

This is un question ably the most feasible route for telegraphic 
oommunicaiion between America and Europe ; and, though the 
longest by several thousarxl milex, it would afford the most rapid 
means of communiention, owing to the great superiority of nenal 
over subocjUGOus lines. 

No limit lia.s yet been found to aerial telegraphing ; for, by 
inserting transferrers into the more extended circuits, renewed 
energy can be attained, and lines of several thousands of miles in 
length can be worked, if properly insulated, as surely as tlio.te of 
A hundred. The lines between Now York and New Orleans are 
frequently connected together by means of transferrers, and direct 
Gommnnicalion is had over a distance of more than two thousand 
milei^ (fuiie recently direct eommunieation was hail between 
Halifax, Nova Scotia, and Beloit, Wisconsin, a distance of over 
three thousand miles. The operators, situated at this enormous 
disianee from each other, were able to converse as freely and 
rapidly ai if they had been separated but a few rods. No per- 
^plible relanlalion of the current takes place ; on the contrary, 
the lines fo connected work as successfully aa when divided into- 
shorter circuits. ^H 
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T)it» is nol the case with subociueuus lines, llic emploj-ment 

■ubmiirinu, as null as of subttrmnean conduc(or!i, occiuiuiis » 
ilanlaiioR in ibc Teloviiy of llie Iransniitieil elcctrititj'. 

lis reianluiion » not due to lli^ lengili of llie jiatb wtik-h the 
urrent Las to traverse, ginuL* il does not lake |ilace with 
|« conductor equikltj' long, insulated in ihc air. It uriws, m Fara* 
day has dennMistrated, from a sialic rt^aclion, wliieh is dutcriiiined 
hy llie inli'uduciion of a current into a conductor well insulated, 
but Hurroundcil out«ide its insulating coating by a conducting 
body, Eucli as sea-water or mnisi ground, or even simply by the 
tnelallic envelo|}e of iron wirc^ plaLfd in com niun leal ion with the 
ground. When this conductor is presented to one of the poles of 
a baltory, tbe other pole of which comraunicales willi the ground, 
it becomes charged with static electricity, like the coaling of a 
Leydon jar, — electricity which is capable of giving rise to n dis- 
chitrge current, even after the Toltaic current has ceased to be 
tnmsuiitted. 

M. Wt^mer Siemens, of Berlin, obserred, in I80O, the following 
-jnmarkuble {ihenomenii : — 

"A very remarkable phenomenon is constantly observed on 
long Bubniarine telegmpbic. lines. Suppose one extremity, B, of 
the wire be insulated, and the other, A. be connected with one 
pole of a battery of which iho other touches the earth: i^t the 
instant of communication a brief current is observed in the near 
{Mrts of iho wire, in the stunc direction aa the instantaneous cur- 
rent which would exist if the extremity, Ji, were connected with 
the cnnh ; on lines of perfect insulation, no trace of this current 
remains. Suddenly replacing, through the action of a commuta- 
tor, the battery by an earth .conduct or, a second instantaneous 
current is obtained, of an intensity nearly equal to the first, but in 
the invert direction. Finally, breaking the communication of A 
with the battery and also Iho earth, »o as to insulate this extrem- 
ity, and uniting the end Ji, at the same instant, with the ground, 
an inslttntatieous current is observed nearly equal in intensity 16 
the former, and this time in the same direction u the fir^t, i. e. ai 
the continuous cum'nt of the battery. This last ex|icrimcnL can 
only be made on a double subternuieaii or submarine line, having 
19' 
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)iild ac(|uire. 4. Fimitly, 

rent is proportional to the 

e relation ought to occur if the 



the two extrcmiticEi, A and B, at the same stalion. One might at 
first sight Buppojjc these phenomena to be due to secondary po- 
larities developed in liie wire, but many facia oppose such a con- 
clusion. 1. Tlie phenomena are more striking an the wire is 
better inauhiied. 2. The currents are much more brief than 
those due to secondary pohiriiies. 3. Their intensity is propor- 
tional to the force of the batleiy, and independent of the intensity 
of any derived current iJiat may occur in consequence of imper- 
fect insulation ; it follows that the intensity of the instantaneous 
currents can greatly surpass the n 
ondary currents in the same circuit 
the intensity of the instantaneous c 
length of the wire, whilst a 
currenis were due to secondary polarities 

" The above phenomena are easily comprehended, if we recall 
the beautiful experiment by which VoJla furnished the most etrik- 
ing proof of the identity of galvanism and electricity. He showed 
that, in communicating one of the ends of his pile with the earth, 
and the other with the interior of a non-insulated Leydcn bat- 
tery, tlie battery was charged in an instant of lime to a degree 
proportional to the force of the pile. At the same time an instan- 
taneous current was observed in the conductor between the pile 
and the battery, which, according to Ritter, had all the properties 
of an ordinary current Now it is evident that tlie subikqueous 
wire with its insulating covering may be assimilated exactly to an 
immense Leyden battery. The glass of the jars represents the 
gntla-pcrclin ; the internal coating is the surface of the copper 
wire ; the external surface is the surrounding metallic envelope 
and water. To form an idea of the capaci^ of this new kind of 
battery, we have only to remember that the surface of the wire 
ia equal to fourteen square yards per mile. Making such a wire 
communicate by one of its ends with a ]iilc, of which the other 
extremity is in contact with the earth, whilst the other extremity 
of the wire is insulated, must cause the wire to take a charge of 
the same cliaracier and tension as that of the pole of the pile 
touched by it. That is what came to pass in the first of the in- 
stantaneous currents described. In Volta's experiment, oa break- 



PROGRESS OF THE ELKCTRIC TELEGHAPH. 



223 



ig ihe communicalion between the pole and the battery, and 
rotmnecting the iwo coalings of the htiler hy a conductor, an ordi- 
nary discharge waa obliuned. To this discharge correspond the 
two instADtaiieoua currents whith are observed in opposite direc- 
tions at the two extremities of the cliarged wire, on communi- 
their extrymilies with the earth, to the exclusion of tb« 
It will be understood, also, that the 6rst instantaneous cur- 
it, namely, that which is connected with the charge of the wire, 
ought to be equally produced, though of a lower intensity, even 
when the other extremity of the wire is in communication witli the 
earth. The instantaneous current then precedes the continuous 
current, or, if the statement be preferred, is added (o it at the 
first momenL This instantaneous current has an intensity much 
greater than that of the cpntinuous current; doubtless because, 
in the act of charging the wire, the electricity, in going to the 
different points of the wire, passes through paths so much the 
shorter as the points to be charged are nearer to the pile." 

Professor Wheatstone experimented upon the cable intended 
to unite La Spe^ia, upon the coast of Piedmont, with the island 
of Corsica. It was one hundred and ten miles in length, and 
contained six copper wires one sixteenth of au inch in diameter, 
individually insulated, and each covered with a coating of gulla< 
percha one twelfth of an inch in thickness. The eablu was coiled 
in n dry pit in the yard, with its two ends accessible. The ends 
of the different wires could be united, so as to make of all these 
wires merely one wire six hundr(»l and sixty miles in length* 
through which the electric current could circulate in the same 
direction. This current was itself furnished by an insulated 
battery formed of one hundred and forty-four Wheatstonc'a pairSt 
equal to fifVy of Grove's. 

In the first series of experiments, it was proved that, if one of 
ends of the long wire, whose other end remained insulated, 
mode to communicate with one of the poles of the battery, 
wire became charged with the electricity of that pole, wliicli, 
long as it existed, gave rise to a current which was made evi- 
il by a galvanometer; but in order to obtain this result, the 
id pole of titc battery must communicate with the ground, of 
nnother long wire similar to the lirst. 
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• In "a Bceond series of experimenls. Professor Wheatslone inlcr- 
poaetl tUrea galvanomijlerd in the middle and at ilie piid^ of tba 
circuit, dclemiining in tim mnntier the progress of tbe cUrrcQt 
by tbc order wliieli they fullowed in their deviution. If the two 
poles of the bntlcry were connected by tlie long conductor of six 
hundred and sixty miles, the precaution having been taken to 
divide it into two portions of equal length, it was observed, on 
(.■onnecting the two free extremities of these two portions iu order 
to close the circuit, timt tlie galvanometer pliiced in the middle 
was the first to be deflected, whilst the gnlvunomctera placed in 
the vicinity of tbc poles were not deflected until later. 

By a third series of experiments, Wheiitstone, with the galvar 
ttometer, has shown that n continuous current may be maintained 
in the circuit of the long wire of an electric cable, of which one 
of the ends is insulated, whilst the other communicates with one 
bf the poles of a battery whose other pole is connected with tha 
ground.' This current is due to the uniform and coniimial dis- 
persion of the statical electricity with which the wire is charged 
dong its whole length, as would happen to any other conducting 
body placed in on insulating milium. 

It was owing to the retardation from this cause that communi- 
cation through the Atlantic Cable was so exceedingly slow and 
difficult, and not, as many suppose, because the cable was defec- 
tive. It is true that there was a fault in the cable, discovered by 
Varley before it lefl Qucenstown ; but it was not of so serious a 
character as to offer any substantial obstacle to the passage of tha 
vieciric current 

The only instrument which could be used successfully in sig- 
nalling through the Atlantic Cable was one of peculiar construc- 
tion, by Professor Thompson, called the marine galvanometer* 
In this instrument momentum and inertia are almost wholly 
avoided by the use of a needle weighing only one and a half 
grains, combined with a mirror reflecting a ray of light, which 
indicates deflections with great accuracy. By these means K 
g^raduolly increasing or decreasing current is at each instant indi- 
cated at its due strength. Thus, when this galvanometer is 
(tlaced as the receiving instrument at the end of a long subma- 




cubic, the morement of the spot of light, consecjaent on thtj 
ipleiion ul' a ciniiit thrutigli [lie Laiu^rjr, cable, and earth, can 
be 8o observed as lo furnish u eurve represetiling very acrurately 
the arrival of an electrie current. Liiie^ represi:nting successive 
sigTiuh) lit various speeds can a,\so be obloiiieil, and, by means of 
a melronome, dots, diishci<, suecessive A'i>, etc., CHn be sent with 
nearly perfect regularity by an ordinary Morse key, and the cor- 
i-es[>oiiding changes in the current at the receiving end of the 
cable aL-curately observed. The strength of the battery employed 
was found to liave no influence on the results ; curves given 1^ 
batteries of diflTerent strengths could be made to coincide by simply 
drawing them to scales proportionate lo the strengths of the tiro 
currents. It was also found, that the same curve represented the 
gradual increase of intensity due to the arrival of a current, and 
the gradual decrease due to the ceasing of that current. 

Tlie possible speed of signalling was found to be very neariy 
|iropor)ional to the .iquares of the lengths .apoken through. Thus, 
a speed which gave lif\een dots per minute in a lengili of 2,191 
nautical miles reproduccil nil the effecls given by a speed of 
thirty dots in a length of l,oOO. At these speeds, with ordinoij 
Morse signalf, speaking would be barely possible. In the Red 
Sea. a speed of from seven to eight words per minute was at- 
tained in a length of 7^0 nautical miles. Mechanical senden, 
and attention to the proportion of the various contacts, would 
materially increase the Bpc«d at which signals of any kind could 
be transmitted. The best trained luind cannot equal the accontcy 
of mechanism, anil tlie slightest irregularity causes the current to 
rise or full quite beyond the limits reijuired for distinct «ignal&. 
No imjK>rtant diflerenee was observed between signals sent by 
alternate reverse currents and titose sent by the more usual 

ilhod. The amount of oscillation, and the consequent distinct- 
of signalling, were nearly the same in the two cases. An 

[vantage in llie first signals sent is, however, obtained by the 
use of Messrs. Siemens and Halske's submarine key, by which 
the cable is put to cartli immediately on signalling being ioter- 
rupted, and tlie wire thus kept at a poleiitiul half-way between 
potentials of the pules of two counteracting batteries em 
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ployed, «nJ ihe first signals become legilile, which, wilh the o: 
nary key, would be employed in cliiirgirig ihe wire, 

A system of arbitmry cburacters, similar to iliosc used upon 
the Klorae t<^lcgra]>h, was eni|iloyed, luid tlie letter to be indicated 
wafl determined hy tlie number ol' oscillations of the needle, a^ 
well as by tlie lengih of time during which the needle remained 
io one |>lace. The operator, who walelied the refleciion of the 
deflected needle in the mirror, bad a key, communicating wilh a 
local insirument in the office, in his bond, which lie pres^d down 
or raised, as the needle was deflected ; and another operator occu- 
pied himself in deciphering the characters thus produced upon 
the paper. As the operator at Trinity Bay had no mejins of ar- 
resting the operations nt Valenlia, and vice vena, and as the 
fastest rale of speed over the cable could not exceed three words 
per minute, it will not surprise the reader that the operators were 
unable to accomplish more during the three weeks that the cable 
remained in operation. U|>on our land lines of the same length, 
there would have been no difficulty io transmitting in twelve 
hours the same number of despalcheB which were sunt through 
the ciklile. 

In Liverpool, £ 150.000 have already been subacribed to the 
project of completing or relaying ihe Atlantic Cable. 

A conlract has been recently made by the English government 
for a cable to be laid from Falmouth to Gibnillar, 1.-200 miles, 
which is to be ready in June ncxL This will be succeeded hy 
one fi-om Gibraltar Io Malta and Alexandria, llius giving Eng- 
land an independent line, free from Continental difficulties. 

Steamers were to have left Liverpool during the month of De- 
cember, 1859, willi the remainder of the cable to connect Kurra- 
chee with Aden. The cable to connect Alexandria with England 
is now Io he laid through the islands of Rhodes and Scio to Con- 
stantinople, and not by way of Candia. as previously intended ; il 
is expected to be laid during iho year 18G0. Hellaniyoli, one of 
the Kurin-Ttturia Islands, bos been decided on as a station for 
the Red Sea Telegraph. 

The new elecirie cable between Malta and the opposite coast 
of Sicily at Alga Grande is safely laid. Two previous i 
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1 been made ; but. In eonseqnence of fhc late strong winjs^ 
norliiiig could be done. Tbu sbore-end oif (he MulUt Ma had 
been laid down and connected wilh the comiiiiny's offices htiihre 
ttie ex[iedLlton started ; the outer end, about one mile utT Ihe 
Mat^fimuscetlo harbor, into which tlie coble lias been laken, be- 
ing buoyed ready to complete the communication from shore to 
Eliorc tlie moment tin; cable was Bubmcrgcd. The oi)eralion of 
paying out the cable was completed without (he least ai'cident 
The mid-portion of llic cable is of great Btrengih, being able lo 
Ruslain a strain of leo or twelve tons wiiliout purling, and the 
shore-ends are of nearly double that strength. The depth of 
water throughout is within eighty litlhoms ; h> that if any aeet- 
dent should ever oecur, it may be remedied without much diffi^ 

golly. 

B A great change in the rates to Sicily and (he Italian States 
HHH result from the completion of tliis new line, a reduc- 
tion in some cases of seventy-five per cent being made, — a 
great boon to the Knglish merchants. Messages in French, 
English, or Italian wilt be transmitted, and we must congratulate 
llie company ujwn their success in inducing the NeajKilitnn gov- 
ernment to make this concession, and upou the exceedingly low 
tariff proftosed. 

Mr. I)e Sauty is the electrician of this company. He will be 
rememlM'red by the reader as the mysterious operator at Trinity 
Buy, from whom an occasional vague and exceedingly brief de- 
spatch was received in relation to the working of ihe cable. 
Nothing re-ally satisfactory could ever be obtained, and, when 
visited by some officers connected wilh the United Stales Coast 
Survey, he would not permit them lo enlcr the oQicc or examine 
the appornttis. His name was published in the daily joumals 
witli several diffei^nt varieties of spelling, and for this reason, and 
in consequence of his extreme reticence, one of them perpetrated 
e following: — 

" ThoQ opcntor. ■Ilcnt. glDRi, 

Wlij wilt llxHi act to naogbly ! 
Do tcU as irAol yoar name in, — come : 
De Soniy, or Do Saul/ ? 
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" Don'l think to hnmhug my moiv. 
Shut D|i Urto in your ahantj, — 
But tolvd the proUcm once for all, — 
De Soulj. or De Siititj 1 " 
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Electric telegraphy in the Otiomiin Empire has within a few 
nioDtlis hud a remarkable developmenL Several lines are already 
in course of const miction. A direct line from Varna to Toullcha, 
parsing bj BaltEcliilc. A line from Toulicha lo Odessa, passing 
by Keni and joining the Russian telegraph at Ismail. The sub- 
aqueous cable from Toultcha lo Reni, on llic Danube, is ihe sixth 
in the Ottoman Empire. This line, which will place Consianli- 
uoplc in direct communication with Odessa, will not only have the 
advantage of increasing and acceleratiDg the communications, but 
will Tcry considerably reduce their cost. 

There is also to be a line from Kodo^lo to Knoa and Salonica ; 
and from Salonica to Monaslir, Valona, and Scutari in Albania. 
The line from Solonica lo IVIonastir and Valona will be joined by 
n submarine cable crossing the Adriatic lo Oiranio, and carried 
oa to Naples. It will have the effect of placing Southern Italy 
ia communication wilh Constantinople, and also of reducing the 
(•ost of messages. A convention to this effect has been signed by 
a delegate of the Neai>olilan government and the direclor-general 
of the lelegrapliic lines of the Ottoman Empire, touching ihis 
line to Naples. The ratification of the two governments will 
jJiortly be given to Ihis convenlion. 

A line from Scutari in Albania to Bar-Boiimon, and thence lo 
Castellastun, passing round the Montenegrin territorj- by a sub- 
marine cable. This line is already laid, and will begin working 
immediately on the completion of the Austrian lines to the point 
where it ends. 

A line from Constantinople to Bagdad. Three sections of this 
are being simultaneously laid down. The Srst from Constanti- 
nople to Ismid, Angora, Yuzgat, and Sivafi : the works on this 
have been already carried lo Sabanja. between Ismid and Angora. 
The second section, from Sivas to MoubbouI : the works on this 
line are in a stale of favorable preparation, and the line will be 
aeliTely gone on wilh. The third section, from Bagdad to Mous- 
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tonl ; for this abo the prcpamioDs have bren mnde, and the 
wurkH will begin wlmn ilic season opeDS, ibe maieriala being all 
reudy along ilic line. From Bagdad (his line will extend to 
Bossurn, lu join a submarine cable to bo carried thence to British 
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A projected line from Constantinople to Smjma. For Ihiit, 
I are thought of: one, the shortesl, but most difficult, 
from Consiantinople lo the Dardanelles, Adramyii, and 
Sniyma ; tliu oihtr, the longest, but ofTering fewest difliculttet<, 
would puss from Constantinople by Muluilitch, BerUuk'llissar, 
and Klaneeiw, to Smyrna. 

A line from Mustar to Bosno-Rerai. Mostar is already con- 
nccled wilh the Austrian telegraphs &l Melcovidi. 

Other lines have beon in the mean time completed and cx- 
tcndi;d, anil will *oon ba opened to the public Thus, a third and 
tburlh wire are being laid on the line from Constantinople lo 
I{(xlo^'to ; from the latter point three wires have been carried 
to Gallipoli and the Dardanelles, two of whieh are for messages 
from Gallipoli lo the Dardanelles, and the third is to join the 
submarine cable connecting Constantinople, Condia, 8yra, and 

inicAtions between Constantinople and Candia would 
ly have begun but fur an accident lo the engineer. Those 
wilh Syra and the Pincus will tH'gin as soon as the raliticntion of 
(he convention entered into between the Oiiomiui and Greek gov- 
ernments on this subject »ha)l have taken place. The laying of 
the cable between Candia and Alexandria, which has not yet 
Micceeded, will be reiiumeil this spring (I8G0). 

Tims, after iho comptetion of tliotc linei, Constantinople will 
be in eommunication with nearly all the chief provinces and 
towns of ihe empire, with Africa, and with Europe by five differ- 
ent channels, — by the Prinripniiiies by Odessa, by Servia, by 
Dulmaiin, und by the kingdom of the Two Sicilicd. Wilh such a 
development of the system, it will be imperatively iieee^iary to 
iticrease the telegraphic working-staff. Already the number of 
ipatches arriving every day renders the service very difficult, 
Itch confuKion and many grievous mistakes. 
20 
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Jiolhing is easier than to remedy all this by increasing t 
number of llie emplut/ei. 

It will be observed lliat one of the lines from Constanti- 
nople nili be to Britisli India, through Bagdad and llai^aora. 
The very thought of a telegrupb ollico in BagJnd tmnsporls one 
at once to the realms of fancy, to the dreums of childhood, wlien 
the marcellouD stories of the Arabian Nights were veritable 
faet9, and the ndventures of Sinbad were envied or deplored ac- 
cording as lie met wiili i^ood or ill fortune. What a pity it la that 
Ilaroun, nnd Giufur, aod the rest of those immortals wlio in llie 
" golden time " lived, and loved, and haled, nnd murdered in those 
renowned eities, can't have a day's return to earth to see some- 
thing Ihnt would have astonished even the magniliccnt Alamun ! 

The great distinicuifhing feature of the telegmphs used in Great 
Britain is, iliat they arc of the class known as oscillating telc- 
gniphs, — lliat is, telegraphs in which the letters are denoted by 
the number of motions to the right or left of a needle or indicator. 
Those of France are of the class called dial telegraph.^, in which 
an index or needle is carried around tbe face of a dial, around 
the circumference of which are placed the letters of llie alphabet; 
any particular letter being designated by the brief stopping of 
the needle. A similar system bos been used in Prussia ; but, 
recently,, the American, or recording instrument of Professor 
Morse, has been introduced into this, as well as every other Euro- 
pean country 1 and even in England the national prejudice is 
gradually giving way, and our American system is being intro- 
duced. 

Jn America none but recording instrumenlB have ever been 
used. Of these we have many kinds, but only fire are in opera- 
tion at present, viz. ; — The electro-magnetic timing instrument 
of Professor Morse ; the electro-magnetic step-by-step printing of 
Mr. House ; the eleclro-magnetic synchronous priming of Mr. 
Hughes ; the elc-ctro^;heinic4il rhythmic of Mr. Bain ; and the 
combination-printing, combining the essential parts of the llunhes 
instrument with portions of the House. The Morse apparatus 
is, however. mn=t eenpmllv ii=pd in tlii* country iind every other,' 
Out of the two buiidri^d and lifly thousand miles of electric tele-; 
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,ph now in operation or in ihe course of construction in the 
>rld, at least two hundred thousand give the preference to iL 
Althougli the Morse iipporatud is a recording one, f et for the 
years llie operators in this country have discontinued the 
use of the jiaper, and confined themselves to reading by the ear, 
which they do with the greatest facility. By this means a great 
saving is made in the expense of working the telegraph, and far 
greater correctness insured ; as the ear is found much more reli- 
able in comprehending the clicks of liie instrument, tlian the eye 
in deciphering ilie arbitrary alphabet of dots and lines. 

The rapidity of the several instruments in use may be given 
as follows : — twice and Wheatstune'e needle telegraph of Great 
Britain, 900 words per hour; Froment's dial telegraph, of France. 
1,200; BnSguet's dial telegraph, also French, 1,000; Siemens's 
dial telegraph, formerly used u|ion tlie Prussian lines, 900 ; Bain's 
^emieal, in use between Liverpool and Manohcsler, and formerly 
to a considcrahte extent in the United Stales, 1,500 ; the Morse 
telegraph, in use all over the world, 1,500 ; the House printing, 
used in the United States to a limited extent, and in Cuba. 2,800; 
Hughes's and the combination instruments, 2,000. The last 
three systems are American inventions : thus it will be seen that 
to our country is due the credit of inventing the most rapid and 
the most universally used telegraphic systems. 

But though we surpass all other nations in the value of our 
^trin apparatus, we are far behind many, and indeed most 
intries, in the construction of our lines. This does not arise 
[D want of knowledge or of means, hut from the custom which 
ains to a great extent among all classes and professions in 
I countrj-, of providing something which will answer for a time, 
lecuring a permanent success. 

It to mr mind. — thouch I am native here, 

id to the manner Imni, — it i* a niMnm 

ore hanoreil in the breach than the otwervaacc." — 

[Kciolly in building lines of electric telegraph, where the beat 

s the clieape.«t. 

When Sbnkespeare made Puck promise to "put a girdle round 
tout the earth in forty minutes," ho undoubtedly supposed be 
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would thereby accampliah a remarkable feat ; bat when ihe 
Russo-AmericDD line via Behring's tSirait and the Amoor is com- 
pleted, and the Atlantic Cable is again in operation, wc can put 
■n electric girdle round about the earth before Puck could hacc 
time (o spread his wings I 

In view of what must actually take place at no distant day, — 
the girdling of (be earth by the electric wires, — a eingulur ques- 
tion arises. If we send a current of electricity east, it will 
lose twenly-four hours in going round the globe ; if we send one 
west, it will gain twenty-four, or, in other words, will get back to 
the Btai'liag-place twenty-four hoiira before it sets out. Now, if 
we send a current half-way round the world, it will gel there 
twelve hours in advance of, or twelve houre behind our time, 
according as we send it east or west ; the question which natu- 
rally suggests itself, therefore, is. What is the time at the antipo- 
des ? is it t/esterrlai/ or to-morrow f 

Hark I the warning needles click, 
Bithcr, iliiiher, cluar ind quick ; 
B winging lightly to and fVo, 
Tidings from afir they show, 
White the patient watcher reaili 
A» iha rapid moTemcnt leads. 
He who guides their (^peaking play 
Stoadn a (housnnil milci awnr. 

Sing who will of Oq>liean IjTe, 

Oun the wonder- working witcl 

Eloquent, though all anheard, 
8wifl1y speeds t)ie seerot word, 
Liglit or dork, or fonl or fair, 
Sllll B moaaago prompt lo bear: 
None can road H on the way. 
None ila nn»cen transit Bnt;. 
Now il cornea in aentenrc brief^ 
Now il tells of loss and grief. 
Now of Eorrow. now of mirth, 
Now a wedding, now a birth. 
Now of canning, now of crime, 
Now of trade in wiinp or prime. 
Now of iiafc or ennkcii thipg, 
Now the murderer antitrips, 
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Kow It wurns of fiiiling bruach, 
Sliikes or tiaji liiu itroke of Jeulh. 
6iiig who will of Orphiiaii lyrv, 
Ours llie woDder-working wiru I 

Now wbnt gtirriDg news it brings ! — 

I'loU of cmpcron and kinmi ; 

Or of people grown to strength, 

KUing from their knees at length ; _ 

Tliesc to win & stale, or school ; 

Those for Bigtil, or stronger rule. 

All Chat nations daiv or feel, 

All thnl Bcrrcs tbe common wval. 

All that icUs of governmfnt, 

On iha wondruu* itniinlsc sent, 

Mirks how bold Inveuliun's fli^lil 

Makn the wUksI nwlms nnilo. 

It can fBtters bresk or hind, 

Foster or betray the mind. 

Urge Id war, incite to pence, 

Toilimpel, orbid it ccue. 

Sing who will of Orphean lyrc, 
Ours the wonder-working wire ! 

Spe&k the word, und think the thoughl, 

Quick 'i is as with lightning eaugbt, 

Over — under — lands or sctu, 

To tlie tur antipodea. 

Now o'er rillea thronged with men, 

Forest now, or lonely glen ; 

Kow where bosj commerce broods. 

Now in wildeit (oliludes ; 

Now where Christiiin temjiles stanil, 

Now Afar in Pagan land ; 

Here again as soon as gone, 

Making all the earth as one. 

Moscow speaks at twelve o'clock, 

London nud*, ere noon, the shock ; 

Seems it not a feat iubllme ? 

Inlellect halh con<iuemi Time I 
Sing who will of Orphcnn \vtt. 
Gun the wonder-working wire ! • 
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PART VI. 

VABIOUS APPLICATIONS OP THS ELECFBIC 

TELEGRAPH. 



CHAPTER XVI. 

USE OF THE ELECTRIC TELEGRAPH UPON RAILWAYS. 

One of the most useful applications of the electric telegraph 
is in connection with our railroads. No railroad should be with- 
out a telegraph line, so that the precise situation of every train 
on the road is known at the Superintendent's office, and at all the 
depots on the line. 

On some English railways, the movement of trains is entirely 
regulated by telegraphic signals. The conditions under which 
trains or engines are allowed to move are, that every train leav- 
ing or passing a station is signalled out to the next station, and 
must not go on till the out signal is taken. Its arrival b signalled 
back to the last station, and no second train is allowed to follow 
until the first has arrived ; for no two trains are permitted to be 
on the same length of railway between two signal stations at the 
same time. A train is considered in when within the protection 
of the semaphore-signals of the station, and the telegraph per- 
mission for a second train to follow refers only to the open line, 
as far as the previous train is concerned, and extends only to the 
distant signals of the station. On approaching the station, the 
train is subservient to the visible signals. 

The Erie Railroad was the first road in this country to adopt 
the telegraph as an adjunct, and a description of its progress is 
therefore given. The telegraph line upon the New York and 
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Erie Rftilway was originally constructed by ibat coiiipun; from 
I'icrmont to Dunkirk, tiic former Irrmini of ihuir road, will 
single wire, wliicli was devoted exclusively to the business of the 
road, in tnuismitiing cotnmunieuiion^ lo and from officers, eni- 
ploget, Sec. At this time, and for nearly a year after its con- 
as lliought impracticable and unsafe lo have recourse 
the telegraph for the moving of Intins, ibe advaiiiagea which 
have since been realized from iia use, as adapted to ruilways, not 
being BO apparent as now. 

Soon after Mr- Tilloison's appointment to the superintendence 
(if the line, in 1851, it occurred to bim lliat an immense amount 
il money might be euved to tlie company by making 
aae of ibe lelegnipb for eicpediting the movements of trains, wbcn 
out of time and held by trains moving in an opposite direction, 
or by ihoiic of a superior eUss in tite same direction. 

Upon hia recommendation, the Superintendent of the Susque- 
hanna division of the railway was induced to try the ex|ierimenl, 
lit of which waa that a system was ul once adopted by the 
SuperintcndcntH throughout the line, aided by the General Su- 
jierintcudeni, Cliarlea Jtlinol, Esq., nbich bas been so far per- 
fected that tbe engineers and eonduclors now actually feel safer 
and more secure while moving under telegraphic orders than 
when following their printed instructions ; ultliough, at the lime 
'•tbe system was inuuguraled, it was not a liltic amusing to ibe 
operators lo witness the alarm manifested by these same men at 
■this innovation upon their old-fbgyish views. Indeed, in some 
•instances, so great was iheir prejudice, that they sacriliced tbcir 
Ulualions rattier ibaii comply with iclegmpliic orders. 

Il was about this time ihat telegraphs upon railways began to 
appreciated ; for no sooner was it discovered to what uses U 
successfully applied upon the Erie road, tlian all the princi- 
roada throughout the country were supplied with lines; and 
' a railroad of any length without u lelegntpU is indeed bu- 
1 the age. 

Ls an evidence of the regard in vrbicti it is held, we quote an 
:lract from tbe Cienenil Supcrintcudenl's rejxirt to the siocL- 
.Iioldera, fur th<-- year lUb^ : — 
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" The use of the telegraph is a ma'>t imporlnnt auxiliarj in 
working the rciail, as, by the rules in tortx, trains moving in one 
direction j>o»ses8 positive rights to ruD without regard lo time, or 
wilhuat roference to any opposing train; aoil an o|i[iosiiig train 
apOD reaching a point whence, by ibe lime-table, it shuuld be met 
and passed by a train having the riglit to the road, is not permit- 
ted to leiive until the arrival of sueh train ; but by the use of the 
telegraph, conduclora in such cases may be immediately commu- 
nicated with, and directed to move forward, without the slightest 
danger of collision. 

" Without the letegnipli, under such circumstances, they would 
be obliged to remain stationary, or proceed slowly at the most 
imminent rink, 

" A tingle-irack railroad may bt rendered tnort tafe and effi- 
cient by a proper ute of the Utegrapk than a double-tract railroad 
wil/iout iti aid; as the double-irack can only obviate collisions 
which occur between trains moving in oppotite directions, while 
ibe telegraph may be used effectually in preventing them cither 
from trains moving in nn oppu.^ite or tlie same direction. 

" I have no hesitation in asserting llint a single-track rnilroad, 
having judiciously located turn-outs, equal in the aggregate lo one 
fjuarler of its entire length, and a well-conducted telegraph, will 
prove lo be a more safe and pmliiable investment than a much 
larger sum expended in a eantinwua double-track, operated with- 
out a telegraph. 

" In moving trains by telegraph, nothing is lefi to chimee. Or- 
ders are eommunicaied lo the conductors and engineers of tbaJ 
opposing trains, and their anstrert nfh/merf, giving their under-' ^ 
standing of the order, before either is allowed to proceed. 

" It would occupy too much space fo allude to all the practical 
purposes lo wbieli the telegraph is applied in working the road, 
and it may MiHicc to say Ihnt wtlhout it tlie business could not be 
conducled with anything like ibe same degree of economy, iifety, 
regularity, or despaleh." 

Since the publicAlion of the report from which the foregoing is 
an extract, the telegraphic facilitiea have been very muih in- 
creased. They have now two wires running the entire length of 



THE EI.EOTSIG T£LEOSA?H. 



S87 



e road, both connecting willi one generul office in Nt-w Vork. 
1 conjunelioQ with the American Tok'graph Company, tliey 
«nlly laid a cable from New York Cilj to Jersey City, 
which is in eucceiuful operation. 

Both of the tvires are kept ahuost constantly busy. — most of 

e Ume in transmitting meHsogea for the road, although the line 

flit now open to the publii', and the revenue derived from paid 

I messages amounts to about $ 15,000 per year. The expense of 

operating the Une is about S3G,000 per annum. 

The length of each wire (upon the main line) is four hundred 
and sixty-nine miles. Beside this ihcy have tlie Piertnont and 
LMewburg branches, making altogether over one tliousand miles 
■flf line. 

} of their wires is divided into sections to correspond with 

ivision of the road ; the business of each dlvit-ion being 

uisacted separately from the olhers. The other they work in 

9 circuit between New York and Dunkirk, four hundred and 

izty-nine miles. 

They employ about one hundred operators, seven repairers, 

messenger-boy a, and sixty-eight offices, — gcvenieeu of 

[which are kept open constantly, botbday and night. 

They use the Morse apparatus ; — in the main circuit the Grove 
■-tiattcry, and for locals Daniell's improved zinc and copper. 

In concluding lliis description of the use of the telegraph upon 

■ one of tlie beat-managed roads in this country, ne will say, what 

■ Mrict Justice requires, that to Charles Minot, Esq. is due the 
rcredit of its conception and completion, in the face of great oppo* 
I vlion on the part of otlier officers of the road, the Rcenniplif h- 

■ nent of which has l>een of inestimable benefit to both the rail- 
liond and the public generally. 



THE EI-KCXniC FIRK-ALARM. 

Among the most ini|>ortiint uses of the Eleetric Telegraph is 
Pint of the Telegraphic Fire-Alarm, originated by Dr. William 
'. Channing nnd Moses CJ, Farmer, for the citj- of Boston, 
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From the central station at tlie City Hall, nires extend to 
every part of the city. These wires are called fignul -circuits, 
and are five in number: by means of which the eJtislence of a 
fire is signulized from any part of the surface of the city to the 
centre. In connection with these circuits are fifty signal-boxes, 
attached to buildings at convenient distances. They are of cast- 
iron imd cottagc-sliaped (Fig. 75), On the door of each Etg- 




nal-box, (he nnmber of the fire district, and also the number of 
the liox or stnlion it-^elf. in its district, are marked ; anil the place 
in the neighborhood where the key-holder may he found is also 
prominently notified. On opening the door of the signal-box, ft 
crank is seen. Connected with this crank are tlie two signal- 
wires which e:(tend to the central office, and by turning this it 
coramimiwiles to the centre the number of the fire district and of 
the box, and nolhinK else. Repealed turns give a repetition of 
the same sijmal. By this means a correct signal will be given 
by turning the cmnk. however stupid mny be the signalizer. 
■ At the central office, alarm-hells are connected with ihc signal- 
which records the alarm receiw 
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rom the fignal-box. The l)attcry w)iich supplies ihe signal-cir- 
j ia placed ut the central ataiion. If v. lire occur* nciir Signal- 
or StutioQ 5, in Dislricl 3, and the urank of that l>ox is turned, 
operator n.t tlie central 8lBlion is iiislanlly notititiil by the 
i-bell, Aod reads at once on liis register the telegrupbic chur- 
Hters which signify Diatric-t 3, Station 5. 

The cliaracters used in the lire telegraph arc dots to indicate 
&e distriet number, and dots and lines for the station number. 
Tlie following is the combination : — 

Diitricti. SUtlDiu. 

1 - 1 — . 



10 

Thus a dot, and a dot and line, would indicate District 1 , Station 
J these ulteniate on the record, and are repealed as often as the 

turned. 

The apfiaralus used for recording at the central station is a 
modification of tlic Morse, and the alphabet for general use \a 
the combination adopted by Bain. 

Having described the mode of communicating tlie alarm to the 
central office, let us see how the alarm is given from that centre 
to the public- From the central station exteitd five circuits of 
wires, called alarm-circuits, which go to ihe various fire-ltells 
throughout the citj, and which are connc{-led with striliing ma- 
chines similar in character to the slriliing machinery of a clock, 
but liberated bg ttlegrt^. The operator at the central station is 
enabled, by simply moving the pointer upon the dial of a clock 
placed in connection with the several alarm circuits, to throw all 
the striking machines into simultaneous action, and thus givo ^ 
itancous public alarm. 
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The heavj hunmers which are used to sound the alarm upon 
the bells arc run hy weiglilE, whidi in several instances are 
wound up bj iIm force of the water compriiaiied in the nmioK. 
Uy nieiins of the eecenlric water-engine, kn'own familiarly under 
the nanm of the ** waler-meler," the power necessary lu wield tlie 
lieavy hammera widi the greatest facility ia obtained. But Iww 
are liaramera of one or two hundred pounda' weight to be tripped 
by telegraph ? To efiect this readily, Mr. Fanner invented hi^ 
clci?tro-magnetic csvapement, one of tlie jnost beautiful and origi- 
nnl of recent mechanical applitiUions. In tliis escapement, ihi' 
electro-magnet, when it becomes clinrged by the galvanic influ- 
ence received from the central station, attracts the lilUe piece of 
soft iron or armature in front of it, whiuh supports a small lever 
poised nearly vertically, and weighted with a little ball at its 
upper end. This lever and ball, when tripped by tlie withdrawal 
of the amiolure, acquires sufficient momentum to strike up the 
detent of the train of wheels which, in their revolution, raise the 
hammer, and then allow it to fall. A single blow of the liammer 
follows each electrical impulse sent from the central station, and 
the revolution of the train of wheels raises also the fulling lever 
into its place, and catches it again on the annuture lever, ready 
to be disengaged or tripped for another blow. 

At the central station, connected with the alarm circuit, is a 
magnclo-clectnc machine, which furnishes all the power neces- 
sary to work the apparatus of the alarm-circuits. 

The Cochiiuatc water is used as a motive power to carry the 
magneto-electric machine. This arrangement saves tlie expense 
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'and incoDvcniencG of maintoiniiig a large quiuiUly battery to work 
the ulami'Circuits. 

An ingL-iiious arrftngemenl of a. cylindet (Fig. 76) carried by 
clock-work, upon the circumference of whicU arc metal plates 
coniuicteil with tli« several ularm-circuil«, enables the operator, 
by placing (lie pointer of the elock u]ion any number upon the 
dial, (o set the machinery in motion, so as to complete the circuit 
at such intervals aa to strike and repeat on the distant alarm- 
hellH llic district number represented by that number, with suit- 
able pauses between. 

We will Bujipose the operator at the central elation receives 
the signal of lire from District S, Station o. He now places the 
pointer upon the dial upon the figure 3, and instantly all the 
nlann-bclls in the city begin to strike synchronously the district 
number 3, and coatiaiie to do it, no matter what their number or 
wliat the weight of their hammer, so long as that pointer rcrauns 
upon that number upon the dial. 

The operator has aUo a key before him connected with the 
signal-circuits, by which he can answer back, and strike a Uttle 
bell through the action of an electro-magnet armature, en- 
closed in each signal-bos. lie has received a signal of fire from 
District S, Station 3. While the pointer rests upon number 3 
upon the dial, he laps occasionally five times on the keys of the 
aignal-circuilfl, which we have just described. The little bell in 
each signal-box, at the comer of every square, strikes five. The 
flr«man listens lo the public alarm-bells, and gets from them the 
number of the district ; he runs by tlie nearest eignol-box, and 
listens a moment to gather the station number fr«n ild little sig- 
nal-liell, and he now knows that the fire is at District 3, Station 5. 
He directs his own motion and his engine, from the start, lo with- 
in perhaps one hundred yards of the Rre. 

No olher system has ever attempted to localize a fire more 
precisely than by the district number ; and in some cities, like 
New York, the districts may be two miles long. 

In nil previotis systems there has been a delay, first, in getting 
an alarm from the fire to the bells; and, second, in finding the 
place of tlie fire in the district after the alarm was given, and 

_ 21 
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reaching it by the shortest route. Bytlie Boston fire-alarm tele- 
graph, boih (lisii'ict arfd station are publicly notified, — the one by 
the alarm-bells, the other by the signal-boxes. 

Let us now consider the analogy between the municipal or- 
ganization ilius deseribed, and the nervous organimtion of the 
individual. A coal of fire falls upon your hand ; one of the 
nervous extremities, or papiihe, the signal-box of the part, sends 
instantly its owa special signal, by means of a nerve of sensa- 
tion, or signal-wire, to the brain, where the existence and locality 
of the lesion is at once recognized. An act of inlelligenee and 
volition ensues. The watchman of the central station, or brain, 
docs his paii. An impulse to motion is sent out over the proper 
motor nerves, or alarm-wires, and muscles are culled into piny 
in a suitable manner to remove the cause of injury, just ns the 
electro-magnetic muscles and iron limbs in the bell-towers are 
thrown into suitable and related action to tlie original cause and 
plaji of alarm. 

The telegraph, in its common form, communicating intelligence 
between distant places, performs the function of the sensitive 
nerves of the human body. In the fire telegraph it is made to 
act for the lirst time in its motor function, or to produce effects 
of power at a. distance ; and this is also connected with the sen- 
sitive function, through a brain or central station, which is the 
reservoir of elective or nervous power for the wliole system. We 
have thus an excito-motory system, in which the intelligence and 
volition of the operator at the central station come in to connect 
sensitive and motor functions, as they would in the case of tlia 
individual. 

The conditions of municipal organization absolutely compelled 
the relation of circuits which has been described. The analogy 
with the laws of individual life was not perceived until after the 
system was evolved, and it came then as a confirmation of the 
correspondence of the system to natural law, and of the necessity 
of the arrangement as a means of order. 

In Boston, where the fire-alarm telegraph has been in success* 
ful operation for nearly eight years, a star of wires is seen radi- 
ating from the top of the City Hall. These are the signal 
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!uils, connecting inio one system fifty signal-boxea scattered 
■er ihe cily, and Uie alarm circuits connecting tweniy-lliree bel- 
church, school, and engine-houses. A few large bells ' 
lirould be preferable to ibis multiplicity of smaller ones, but this 
whole number ore struck by means of tlie clock movement in the 
central station. Fur the sake of economy in battery )>ower, the 
cylinder is BO arranged as lo throw the current from ilic mag- 
neto-electric machine in the four alarm circuits separately, but in 
rapid succession at eacli blow. Practically, the bells strike to- 
[Cther, or as much so as is desirable. At night, sometimes out 
mtit ihe profoundest Biitln&^>, the district number will suddenly strike 
|4ipon the ear in a chime of perhaps eight or ten bells, their sound 
Eoming in one after the oilier in proportion to their distance fi<om 
, but always in an invariable succession at each blow, 
le alarm ceasei^, and the whole city l^ as suddenly silenU 
The operator at the central station is sometimes able lo throw 
the belb on. and tap back to the signal-boxes before the origina- 
tor of the alarm has ceased to turn his crank in the immediate 
neighborhood of the fire. As soon aa the bells strike, groups of 
persons will be seen clustering around each signal-box lo listen 
to the tapping of the station number, and it is soon known to the 
whole fire department exactly where the alarm originated. 

The battery employed on the Boston signal circuits is Danietl's 
(sulphate of copper), which keeps in action several monllis by 
the addition each week of a few crystals of llie sulphate of cop- 
per. Instead of a galvanic battery on the alarm circuits, a large 
piagnelo-electric machine has been substituted, similar in principle 
tliose described in the earlier part of Ihis work. 
The heaviest hammer in the system at Boston neighs one bun- 
Ured pound.-), and is wielded by the Cochituate water at an expense 
ef only one gallon for each blow, and tripped by telegraph from 
distance of two miles. By virtue of the eleclric current and 
pent-wp waler, this bell, and olhers associated wilh it. might 
rung in measured strokes from the beginning lo the end of the 
r by the pressure of a finger upon a telegraph-hey a hundred 
a Ihonsand miles distnnt. The bells were rung, not long since. 
'from Portland, and the Superintendent of the Fir«-Alarm, Mr. 
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J. B. Sleams, had made arrangements lo have them rung by 
lelegraph from LondoD just as the Atlantic cable ceased to 

All the stations in Boston are proWJed with lightning-arrest- 
er?, or ground-eonduetors for atmospheric or induced eleclricitj'. 
Hence on incidental protection from lightning, commensurate 
with the eKtent of the network of wires above, is attained for the 
city. When these ground-conduelora liave been temporarily re- 
moved from the alarm-bell stations, a flash of lightning has been 
occasionally followed by a single blow from one or more of the 
bells. But where the lightning-arresterH have been in place, they 
have proved sutRcient, except in rare instances, to direct atmos- 
pheric or induced currents from llie electro-magnets to the ground. 
No pmclieal or serious inconvenience has resulted from this 
BOurce. But it baa occasionally been a matter of curiosity and 
interest lo hear the lightning thus lolling tlie alarm-bell. 

The whole number of alarms and the proportion of false 
alarms have been greatly diminished by the system. Science 
can make no contribution to civilization williont the requbile 
social conditions. The trust of the fire-telegraph fijstera. in this 
case, was placed in the hands of the citizens, and it has yielded 
to them its fruits without abuse. This may deserve, perhaps, to 
be chronicled as an instance of well-reworded confidence in the 
sobriety and capacity for self-go veniment of the American people^ 
The signul-bo!tes, which are the sensitive extremities of the sys- 
tem, may be protected by various methods, according to social 
requirements. In Boston, it has been guarded best by putting it 
in the most public place and exposing it to the fullest lighL 

The mechanism of the fire telegraph is arranged and disposed 
for the purpose of preserving the wealth, the fruit of human in- 
dustry and Nature's bounty, from destruction. It therefore ac- 
complishes an end of human use. But more than this, — it is a 
higher system of municipal organization than any which has here- 
tofore been proposed or adopted. In it the New World has 
taken a step in the forms of civilization in advance of the Old. 

Arrangements have been made by which uniform time is given 
to the inhabitants of Boston every day at noon by means of I 
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fire-alarm telegraph. An exact chronomoler is placeil in the 
circuit, which sends an electric current every day, at [ireciaely 
twelve o'clock, and causes the hammer attached to the hell upon 
the Old South lu strike one blow. This gives the inhabitauCs of 
llio city an opportunity to regulate their time by a correct sland- 
anl, and is a great advance upon the London system, wliich only 
drops a hall from a ]>o\e erected in the Strand, the telegraph wires 
being connected with the Royal Observatory. It b also much 
better than tlie Paris method of firing a cannon, which ia touched 
off by telegraph. In the London plan, the few persona in the 
vicinity of the Strand only are benefited ; and at Paris, the 
man who is half a mile distant loses several Beconda, unless he 
makes allowance for the speed of sound ; but in the Boston plan 
the whole dty can be lo/led the lime to the fraction of a second. 
The public appreciniG the system, and we shall doubtless soon 
witness the incongruity of people takuig time from steeples that 
have no clocks in them. 

The following interesting tables, showing ihe number of alarms 
which have occurred each hour, day, week, month, and year since 
the fire-alarm telegraph was established, in April, 18>i2, to Jan- 
Vary 1, 1860, have been computed by J. fi. Steams, Esq., Super- 
intendent of the Boston Telegraphic Fire-Aiarm. 

Table L shows the number of alarms in each hour during the 
twenty-four hours of the day in each year from 1852 to 1860, 
and the totals for the eight years, together with the number of 
blows struck upon the belb during the same period. 

Table II. shows the number of alarms during each month of 
ir, and the totals for the eight years. 

Table III. shows the number of alarms during each day of the 
ik for each year, and the totals for the past eight yenrs. 
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TABLE ir. — Months. 


■ 




H«nclu. 


1SSS 


1853 


■as* 


ISSS.j ISSsJlSS;. IBSB. I8S9 


Total. 


1 




January, 




10 


15 


8 


16 


15 1 11 


9 


S4 




February, 




29 


20 


13 


10 


14 


10 


11 


107 


^^^1 




March, 




12 


19 


12 


19 


13 


15 


13 


103 


^^H 




April, 


1 


21 


10 


13 


29 


11 


10 


11 


106 


^^^1 




May, 


21 


25 


12 


10 


12 


15 


21 


12 


128 


^^^1 




June, 


5 


25 


20 


16 


9 


15 


13 


11 


114 


^^^1 




July, 


18 


10 


16 


13 


16 


17 


9 


20 


119 


^^^1 




August. 


8 


11 


15 


12 


10 


16 


7 


23 


102 


^^^1 




September, 


9 


12 


13 


15 


14 


11 


11 


10 


95 


^^^1 




October. 


15 


17 


14 


7 


9 


22 


14 


21 


119 


^^^1 


^V 


November, 


16 


11 


15 


13 


9 


11 


15 


11 


101 


^^^1 




December, 


19 


U 


17 


12 


15 


14 


15 


20 


126 


H 


Total. 


112 il97 


180 |l44 168 


174 151 


IS" 


1.304 




TABLE III — DATS OT »HK Week. 


1 






iBSa, 


IBS3. 


1854 


1855. 


1856.! 1 857, 


IBS8. 


us. 


TouiL 


■ 


Sunday, 


16 


30 


27 


12 


22 


20 


23 


29 


179 




Monday, 


19 


26 


20 


17 


20 


19 


27 


33 


181 


^^^1 




Tuesday, 




37 


31 


24 


2G 


31 


30 


20 


215 


^^^1 




Wedneiiday, 


u; 


18 


31 


26 


27 


29 


16 


li) 


182 


^^H 




Thursday, 


1 9 


27 


24 


18 


27 


27 


15 


16 


178 






Friday, 


11 


23 


26 


20 


27 


24 


16 


23 


170 


^^^1 




SaiurUay, 


15 


36 


27 


27 


19 


24 


24 


32 


204 
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Tofai, 


112 il97 


186 


144 lies 174 il51 !l72 


1.804 
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^Bput eight years' esperienue with the fire-alarm apparatus, »how- ^^H 


^Hng in what hours of the day and night fires are mo^t or least ^^H 


^■Skely to occur. The diagram covers iho twenly-four hours of ^^H 


^mie day, and is divided by the dotted lines into the forenoon and ^^M 


^BUlemoon, and aUo into iho portions betwern six o'doi-k A. M. ^^^| 


^BDd six P. M., atid six o'clock P. M. and six o'clock A. M. ^H 



The outer, i 
mBTtfiniinii ciii 
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-, and midiile circles represent respectively the 
iin, aiiJ medium iicnods of alarms 




Thus it will be «ecn tJiat tbi; maiilniuni of alarms occurs be- 
tween eight and nine F. M., the minimum at six o'clock A. M^ 
and the medium at precisely sis o'clock P. M. 

The larger number of fires occur between six o'clock P. M. 
and six o'clock A. M. ; in fact, the angles in the other twelve 
hours of the day reach even the medium circle but twice, — 
between two and three, and five and six, — and do not ezten^ 
above it in a single instance ; while in the former part the nn^ta 
do not drop below the medium circle until nearly four o'fnock 
A.1L 

Of the days of the week, the larger number of alarfiis occur 
on Tuesdays, and the next in number on Saturdays. This may 
be accounted for from the fact that Saturday is baking-<lay, and 
Tuesday is generally appropriated to irouiag, — -both requiring 
more intense fires than u[)on other tlays, excepting, perhaps Moi^ : 
day, washing-day, when there is always plenty of water for m 
dubg any lirca which may occur. 
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^ BMPLOYMENT OF THE ELECTRIC TELEGRAPH IN SCIESTinc 
AKD ASTBONOMICAL OBSERVATIONS. 

The rarious processes and apparalus that we havo been describ- 
ing hKTe been devised with a view oitpecially to Ihe services which 
the tclegmph may render to social relations. Hoirevur, science, 
and more porticulorlj astronomy, lias found it a valuable auxiliary 
for certain observations which require simulLaueitj of operations 
in very dislant places, or an immediate communication between 
two very distant points. Tbus it is that, by means of the electric 
telegraph, we ore able to know at the same instant tbe slate of 
the nimos])here on several points of the terrestrial globe, — valu- 
able data for meteorology. Thus also are we enabled to trans- 
mit the announcement of a hurricane in llie direction according 
to which it la propagating itself, so a.s to give time to those who 
run the risk of suffering by it to lake the necessary precautions. 
Many of the steamboat companies ure thus saved many thousands 
of dollars, in this country alone, by the timely notice of ap- 
proaching storms. But, as we have said, it is astronomy that 
has especially derived advantage from, this instantaneous mode 
of communication. 

Mr. Airy, Director of the Royal Observatory at Greenwich, 
has devoted his attention continuously, and with tbe greatest suc- 
cess, to this application of the electric telegraph, seconded by the 
co-operation of KI. Quetclct and M. Leverrier. He has estab- 
lished at Greenwich a complete system of voltaic batteries, al- 
ways charged and ready to enter into action, each having its 
special destination, and composed of a greater or less number of 
pairs according to their destination. From e 
teries are led copper conductors, covered ' 
which extend into an apartment, whence, by n 
tors and other suitable apparatus, the current r 
direction. Thus, one of the conductors cause 
clock to move ; another series to write down the passage of the 
stars, by means of dots, traced by a system analogous to Morse's, 
n a paper fixed round a cylinder to which a helicoidal motion 
i imparted, and upon which is traced beforehand a spiral Ime to 
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serve as a base line. This instrument waa devised by Professor 
BoDd, of Harvard UoiverBity, and is used for the eamc purpose 
in several Observatories in the United States. Another current 
is used for transmitling, by means of the telegraphic wire, Green- 
wich mean time to the different telegraphic stations in England, 
and especially lo show the hour of one P. M. in London and at 
Dcnl at the very moment of one P, M, at Greenwich, bj the drop- 
ping of balls placed in elevated situations, visible afar off. There 
exist aleo a considerable nutnber of other ap|dicAiions lo astro- 
nomical wants, of an analogous nature, devised by Mr- Airy. We 
could not point iheni all out without exceeding the limits within 
which we are compelled to confine ourselves ; besides, they are 
based upon the same principles as those which have occupied our 
alteniiun for fo long n linte, and differ from them only in certain 
mecluuiical details in the construction of the apparatus, which arc 
easy of comprchenBion. In 1852 the wires were established for 
the purpose of connecting the Greenwich Observatory with tlie 
principal telegraphic offices in London ; and through them, first, 
in 1853, Willi the Observatories of Cambridge and Edinburgh, 
and subsequently with thoiie of the Continent, both that of Brus- 
sels and that of Paris. We shall not dwell upon Ihe preliminary 
details rektlve to the determination of the correction of the clocks, 
or to the manner of closing the circuits, which must be done by 
different persons from those charged with observing the signals. 

The first important determination lo be obtained was that rela- 
tive lo the comparison of the hours of ihe electric signals, obsert'ed 
at Brussels and at Greenwicli, which were not accompanied by 
observations of the transit of Elars. Another point essential to 
know, but of a purely astronomical nature, was the determination 
of the elemenls necessary for calculating the errors of the transit 
instrument, and the clock errors for Ihe days during which the 
observations of tlie difference of longitude were made. 

These precautions being taken, two methods were followed for 
arriving at the determination of this difference. In one, the tran- 
sits of fundamental stars were employed ; it was not necessaty 
that the stars observed should be the same in both obscrvaloriea. 
lu the second method two lists of stars were prepared, the one 
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ilie other following the signals. Before employing 
D for correcting the clock, the lists of tho stars obserred in 
o observaioriea were compared, and all those rejected which 
I been observed in one observatory only. With regard to 
clock errors, they were obtained by comparing the tninsiu cor- 
rected with the calculated positions of the stars ; and these errors, 
duly reduced to the lime of each signal of observution, were ap- 
plied to the times given by the clock for the eignuls. The dif- 
ference of these times for the two observatoriea gives the apparent 
difference of longitude; that is lo say, the comparison of the si- 
dereal limes of the telegraph signals olwerved at Brussels and at 
Greenwich. In order to obtain the real difference of longitude, it 
is necessary to take the mean of ihe aeparale results, that are ob- 
tained in equal numbers, by making a similar number of Green- 
wich observations at Brussels, and reciprocally of Brussels obser- 
vations at Greenwich. In order to eliminate the influence of the 
lime employed by the current for passing over the distance by 
which the two observatories arc separated, the following slepe 
were taken. The signals given by the Greenwich battery to 
Brussels give the excess of the indication of the Brusseb above 
the Greenwich clock, increated by the lime of tramtnittion. Sig- 
nals given by tho Brussels battery to Greenwich give the excess 
of the indication of the Brusseb clocJi, dimintthed by tlie txm* of 
tratumiuion. By noting the results of the signals given by each 
station in turn, and lelting -{-x in the one case and — x in the 
other represent the time of transmission, and by interpolating tho 
equations so as to correct any error in the rate of ihe clocks, the 
Astronomer Koyal obtained, as the final result for the time em- 
ployed by tho current for traversing Ihe distance by which the two 
observatories are separated, 0".109: — a value which depends 
upon 2,(116 observations. This duration, which, if the velocity 
W(-re uniform, would lend to a velocity of 2,500 English miles 
per seiTond, since the telegraphic distance between Greenwich 
and Brussels is 270 miles, would be very great compared with 
that obtained by other methods. 
K But wo should observe that from Greenwich to London, and 
^piim Ijundou lo Ustcnd, the telegraphic line is aituaied entirely 
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under grouiid or under water, which, as we have aeen from the 
experiment in connection witli electric cables, occasions a. conaid- 
eraUe retardation in the rapidity with which electricity i» propa- 
gated at the first moment when the circuit is closed. It is there* 
fore very probable that the retardation observed is almost entirely 
due to the part of the line that passes under ground or under the 
water ; and that the retardation from Ostend to BrusseLt, a route 
^ong which the wires are in the air, is insensible in practice. 

With regard to the differcDce of longitude between Greenwich 
and Brussels, the means of 1,104 sifpialK give the final result of 
17' 28".9 : this is the best that under present circumstances can 
be obtained for the determination of the element in que^^tion ; it 
is, moreover, identically the same, according to the remark of M. 
Quelelet, as that which is furnished hy the observation of the 
solar eclipse of May 15, 1856. 

In 1854, conjointly with M. Leverrier, Mr. Airy likewise de- 
termined the difierence of longitude between the Greenwich 
Observatory and that of Paris. The method was tlie same, and 
consisted in the employment of telegraphic signals for the com- 
parison of the simultaneous state of the clocks of the two observa- 
tories. The signals tliemsclves resulted from tlie deviation of 
two magnetized needles placed in the two stations, and set in 
motion by the action of lite same current. The signals were 
observed by llie precaution which the astronomer took of noting 
the time of the clock at which they appeared i but as it was not 
possible, in a general way, to calculate upon an accuracy greater 
than two tenths of a second in the appreciation of the instant at 
which a signal thus observed appeared, it was necessary, in order 
to arrive at a high degree of precision, to employ a great number 
of signals. M. Faye woulil have preferred that recourse should 
have been had to the method of coinudencea for the comparison 
of the sidereal clocks of the two observatories. By allowing a 
series of simultaneous signals to be taken, in eacli of them, by 
means of a mean-time pendulum, llie epoch could have been ob- 
served of the coincidence of these signals with the sidereal pendu- 
lum. The relative alale of the two pendulums would have been 
exactly concluded, because the coincidence of tlio two beats would 
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uve been observed witb a precision far superior lo ihal nilh 

h a traclion of a eecond of time is estimated directly. 
' This method, based ujion tiie coineidence of pendulums, was 
Dtewiae proposed and put in practice hj M. Thaler of the Obser- 
valorj* of UpsAl. By furnishing Ilie extremity of the rods of the 
two pendulums with small sleel poinla, which were pluuged into 
mereiiry at the moment when ilie rods were perfectly vertical, 
M. Thiiler closed his circuit, so that the coincidence of the two 
pendulums, nhalever their distance and their difference of rate, 
might be indicated by the establishment of a current, which it was 
easy to employ, either by the magnetization of an electro-magnet, 
or in any other manner, so as to give a signal. The simultwie- 
0U8 slates of the docks at iLe moment of the coincidence were 
determined eitier by the observers themselves or by regialers. 
It is pccessary to remark, that the current was interrupted as soon 
as the pendulum rode, or one of them, ceased to be in a vertical 
position. 

M. Leverrier was led to think that the question would be still 
more simplified if it were possible completely to do without the 
determinaiiun of the relative state of the pendulum ; and this by 

» registering upon the same chronograph the observations made in 
ilwo stations, as has been done for some years in the United States 
by Professor Bond of Cambridge. This method could not in prin- 
ciple present any objection, since the registration is made by the 
intervention of a current that traverses a telegm|)hic wire, the 
length of which is a matter of indift'erence. But, in practice, it 
presented great difficulties, which have been only gradually »ui»- 
mounted in an apparatus, the construction of which has been 
intrusted to M, Liais. Upon a band of pa|>er, set in motion by 
a train of wheel^i, an iron point traces equidistant divisions, cor- 
responding lo the movements of a ^dereal pendulum, and by the 
action itself of this pendulum one or two points permit the ob- 
• ■ervers to mark by dots, by means of the electric eurreni, upon 
HjHus same paper band, the instants in which the same star passes 
Bfee various wires of their inslrumeata. The diiference of the 
^Ttations in longitude is hence concluded, as may easily be under- 
stood. There are many precautions to be taken in the employ- 
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ment of this metliod, which has, however, enabled M. Leverrier 
to delenaini?, with remarkable accuracy, tlie difierence of longi- 
tude between tlie Observatory of Pari* and the Depfit of War, 
where a meridian telescope bad bc-en eatablisfacd. 



TELEaRAPHISG THE APrROACH OF STORMS. 
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The electric telegraph is found of very great 
meteorological oliscrvations, — in forewarning tbo approach of 
storms, and in facilitating marine reports from distant points. 

It tfos known in Franidin's time, and, if we mistake not, first 
published to the world by that eminent philosopher, that north- 
east stonns always come from the southwest. It was doubtless 
considered in his day a statement of doubtful veracity, and we 
can imagine many a wiseacre shaking his head and exchiim- 
ing, " I don't believe it I " And yet, at the present day, where 
can a school-boy even be found who does not know that they 
are shivering with a northeaster in New York several hours 
before the Bostonians sec any indications of fuul weather? 

Thanks to the promulgation of Espy's theory of storms, the 
whole matter is now well tmderstood in this country, as well as in 
Europe. 

Among those who have applied tliis knowledge to practical ac- 
count in this country we must place in the front rank Mr. Joseph 
Brooks, the manager of the line of steamers which ply between 
Boston luid Portland. In 18dO, Mr. Brooks requested us to em- 
ploy an agent for him in New York, to make diuly observationa 
of the state of the wind and weather, and send them to him, over 
the wires, every day at three o'clock. If the weather looked bad 
in the morning, he was to send a despatch at eight o'clock ; if ai 
storm came up, to send another about noon ; and then at three ta. 
give a full statement of its condition, and, as nearly as possible^ 
of its prospects. 

With data like these, Mr. Brooks could at once tell at what' 
hour the storm would reach New Haven, Springfield, Bostati,| 
and all iho points between Boston and Portland. He could ti 
Willi absolute certainly whether it would be prudent to 
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I to Portland, or whether it would be safe for the Portland 
I to come to IlostuD. ir the slorm hod bccu rugiug with 
fvvnly for some hours in New York, be knew it would not be 
; tor Uic Portland boat lo come out, b3 she wotild be sure to 
r it before arriving here ; but the ease with the Boston 
t might be differenU lor she could reach Portland before the 

tuld overtake her. 
Storms of ordinary velocity will travel about twenty-five milea 
an hour, but Eome will sweep along at more than twice this rale 
of speed, and will cover a space of nearly a thousand miles in 
I length by several hundred in breadth. 

When the importance of the matter becomes fully understood, 
Vtbe stale of the weather will be telegraphed between every im- 
^^ portant town upon the seaboard, as regularly as the slocks and 
markets are at pre^nt ; and the approach of every large slorm 
will be announced upon our coast by storm siguals, put up at 
government expense. If our government had the wisdom and 
liberality of the English and French governmenifi, this matter 
would long ago have been looked after, and it would have estab- 
Uahed storm signal-stations along the whole coast of Capo Cod, as 

(well as upon other desirable points. 
I Were such a system in operation, it is impossible to tell the 
amount of properly which might be saved every year. Vessels 
■ught have ample time to make safe harbor, which, not knowing 
rfthe approach of [he storm, pass on ihcir way and are lost 
To show the importance of tliis matter in Mr. Brooks's case, 
who has made daily use of ihe wires for the past nine years, it is 
enough to say that his steamers have avoided all storms, and his 
line is the safest and most reliable in the country. So highly 
does he esteem it, he assures u^, that he would rather pay Ihe 
cost of telegraphing for a whole year, than have one of his boats 
exposed to a storm, even if ahe sustained no particular damage. 



TELEGRAPH MARINE BEP0BT3, 



i Upon Ihe exircino end of Ciipe Coil, within a few miles of 
111, there is an elevated atrip of laud extending from 
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Cupc Cod Say to the ocean, call(!d "Highland Ligh 
town of Truro. There are no residents liiere except the liglii- 
faouao keepers iind their &nuliea. Th<; soil — if it can be colled 
soil — 18 poor, harelj raising a little gross and com, and the 
whole aspect of the place is dreary and cheerless ; and yet, to 
the Boston merchant and ship-owner, the place possesses a pecu- 
litir chami, for it is from thi^ point tlutt he obtains, oAen, the SnI, 
tiding!^ of his expected ship I | 

Situated upon a point of land qiiiie near the edge of the prei^ 
pice, and not far from the light-house, its onljr companion is a 
email, one^tory house, containing hut one room. In thia room 
tlicre is a telescope, a book or two of marine signals — Marryntt's, 
Rogers's, and some others. — and an electric-telegraph instru- 
ment. A young man stands at the door, telescope in hand, and 
every now and then raises it to his eye and sweeps the broad 
acetm. Presently he observes in the far distance an object, 
which, to the untutored eye, is scarcely visible ; but his long 
accustomed vision has already made her out to be a ship, and he 
is now endeavoring to decipher her oignab. At last he has them, 
and he at once goes to his signal-book, makes out her name, where 
slie belongs, who she is owned by, and by whom commanded. 
Having obtained these facts, tic goes up to tlial faithful «crvaat 
of man, the telegraph instrument, and calls " Boston." 
mont the operator answers, " Go ahead," and in two i 
fact is recorded in bold letters upon the Genenil Record Book 

the News Room in State Street, that the " , of Boston, Capt 

, from Smyrna, passed Highland Light at 10 A. M., bound 

in, — distant nine nules." 
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PART vir. 

CONSTRUCTION OF TELEGBAPH LINES. 



CHAPTER XVII. 



Tbr most imponant consideration in rclalion to the snbjoot 
of electric telegraphy is lo bave the lines properly coti»[ruct«<i ; 
but this, in our country at least, has U-en (he least attetided 
to. We are (|uite apt to my such a thing will answer (he pur- 
pose fur a while, and rarely in auy undertaking look far into 
tbe future. It b an American custom to Bubstituie temporary 
cxpe<Jients, even wben we have tbe means of producing per- 

Thid common custom and fault of our counlrymcn lias been 
very generally manifested in the constructirai of all our tele- 
graph lines. They are a^uolly built in haste, the posia genemlly 
set while filled with sap, ofien without taking off the hark ; and 
the consequence has been, that in a very few years they have 
roUed offal the surface of the earth, and then been replocw! by 
Others in the same manner. 

Now, had our telegraph managera consulted any competent 
authority upon the subject, they would have asccrlwned that 
the pole« should have been cut at least six months before 
they were to be used, Ihorougldy dried, the bark carefully 
, removed, and the bolloms charred for five or six feet. Chestnut 
poles, five inches in thicknesa at the top, prepared in 
would last at least twenty years. 
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In France the posts are of pine or fir, from twenty to tlirrly 
feet in length, which ihey iuject with sulphate of L-opper, hy the 
Bouchim proccM, to lengtlien the time of tlicir preservation. 
Tliey bark ihein and fix them in the earth, the smalledt to the 
depth of thirty inches, the tallest to the depth of sixty inches ; 
the buried jMirt is perfectly preserved by the sulphate of copper, 
Poles prepared in this manner are very durable, but there 'u am- 
Etderable expense attending it, and we presume the simple char- 
ing would be preferable in this country, where the best poles can 
be had for about eighty c«nts apiece. They should be at least 
five inches In diameter at the top, and about fifleen feet out of the 
ground, and five feet in. The length of the posts must nece»- 
Karily vary according to the locality in which they are placed ; 
but if along a line of railway, twelve or tifleen feet is sufficient. 
Experience has demonstrated that, in this country especially, 
there are no considerable number of persons who are disposed to 
molest the apparatus of the telegraph, no matter how much ex- 
po.ii'd it may be. In the vicinity of Boston the wires are con- 
ducted along the railings of the bridges, where they could be 
easily deranged ; but no disposition to interfere with them Las 
ever been manifested, 

Aerial lines are greatly superior to sahlerranean, both on 
account of the facility with which breaks and other accidents 
maybe detected, and because the apparatus works with mucli 
greater speed. There are few systems, in fact, capable of work- 
ing over long submarine lines, on account of the reium current 
from static induction, and the same is true of subterranean lines, 
as proved by the experiments in England with the House instru- 
ments. 

The posts should be firmly set in the ground, to the depth of 
five feet. They should nl^o he placeil in a straight line, or as 
nearly so as possible, to prevent unnecessary strain ; and wher- 
ever an angle occurs, a strong {wie, capable of sustaining the 
utmost tension of the line, should be placed. The [Kwts sbouki 
average thirty to the mile. 

Whenever it is found necessary to place more than one wire 
upon a post, anns or supports eliould be faalened to the { 
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^H, wid tlie wiree carried at least two feet from them. This nould 
^^ give a disUiice of tour feet between Uiu wires, which would 
lessen the liubilily of the escape of the electric fluid from one 
wire to another. 

Tbure are many persons connected with telegraphing, who 
f Hippoiie the magnetic inHuence of a current sent over one wire, 
I and which is manifested upon another, to be due to Ilie phenom- 
i of induction ; but this is an error capable of being demon- 
Ltfrnted very readily. You have only lo place a wire having 
Ik current flowing through it in close proximity to one with- 
t on electrical current, but whose extremities are joined to- 
j^tlier, or connected witli the earth. By placing a galvaDomet«r 
witbio the second circuit, it can very easily be proved liiat the 
B|)henomeim of induction are not sufiicient to account for the ef- 
Yfbcts produced upon the instruments connected by parallel lines. 
I This inHuenoe is due lo conduction between the wires, caused by 
I tlie accumulation of moisture upon the insulaiorB and the posts ; 
and in England, where occasionally as many as twenty or more 
wires are placed on the same post, the action is most detrimental, 
and electricity, when intended to be transmitted along one wire 
only, often finds its way more or less into all the wires, and thus 
not only lessens the quantity intended to be transmitted lo the 
distant instrument, but disarranges the instruments connected 
with all these other wires. Owing to this result of imperfect In- 
anlalion, it has been found impossible for weeks together to tele- 
graph direct even between London and LiverfMwL 

»We experience no difficulty in this country from conduction 
between the wires (except when in actual contact), saving in wet 
-weather; but upon some routes, the effect during wet weather is 
very serious. We have known two wires upon the same posts, 
which worked admirably during dry weather, lo be rendered use- 
less by even a half-hour's severe nun, unless one of them were 
discontinued from all attempts at operation. 

To refer to the matter of induction again briefly : it is well 
known that an induced current flows in the opposite direction to 
rent inducing it, and therefore, if a positive current were 
I-Knl west, the negative would rt'luru. Such, however, has never 
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been the case with any of the so-cfllled induced currents upon 
telegraph lines ; upon the chemiwi liiic^, only the positive cur< 
rent colors the paper, but during rain-storms, or fogs, the currents 
of conduction between the lines have always beeu in the samfl 
direction as the primitive currents, and were known, in fact, as 
"nun crosses," in contradistinction to the actual metallic contacts, 
commonly colled " crosses," 

THE WIRE CONDUCTORS, 

The wire used for telegraph lines for the past thirteen yeort 
haa been iron ; generally, in ihb country, of No. 9 ; but in Kw 
rope No. 8 Is more comtnonly used. Iran wire of tlie »ame 
diameter conducts only about one sevenlh as well as copper, 
but the cheapness and strength of the former render it far 
preferable to the latter. Twisted wire has been tried upon soma 
lines in this country, but after a few years' trial was pronounced 
a failure, and its use abandoned. 

Tlie iron wire ought lo be galvanized, or, rather, coated with 
zinc to prevent it from rusting ; but few lines in this country have 
adopted it. As a matter of economy, to say nothing of tho 
greater ease with which the current propagates itself upon it, it 
should be used. Near the sea, wires not coated rust off in a fe<r 
years; in fact, we have seen instances where they have com.^ 
pletely melted away, in less than two year?, under the inf 
of the action of salt spray. 

On the contrary, zinc-coated lines have been used for t 
years, and are yet in good preservation. When rain first fkUflf 
on the xinc covering, an oxide of zinc is formed, and, tliia oxiddr 
being insoluble in water, a second fait of rain cannot dissolve oB 
penetrate it. Tlie zinc covering and the iron wire inside ore thua 
prevented from rusting nway. j 

Where the distance between the supports for the wire is ver* 
great, as in the crossing of broad rivers, steel wire Is eraployeff 
instead of iron. The longest sirolch of this kind in America i^ 
that over llic St. Lawrence River near Caughnewaga. The rap^ 
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ids at this point are the most dangerous upon the river, and m 
igators, except the native Indians, are capable of crossing ih 
and even with them, the feat Is not considered an easy one. 



"1 



OOXSTBUCTIOX 0¥ TELEGRAPH LDJES. 



261 



la llie autumn of 18o5, Mr. Alphonso PrescoLt, the Soperin- 

tendent of tlie Montreal &nd New York Printing Telegiitph 

Company, aller several weeks of unceasing, severe, and bauinl- 

oue kbor, succeeding in stretching a steel wire ncro^ these dan- 

a rapiils, and sarcljr hoialing it upon the masts at either side. 

Several times, with tlie aid of his faithful Indian assistants, he 

irly accomplished the feat, when the wire would he snapped bj 

e force of the current ; but, nothing daunted by repealed failures, 

) persevered, amid cold and danger, until success crowned hia 

To those who have passed through the Lachine Rapids 

■spon the St. Lawrem-e, we need say nothing of the dangers allend- 

ifig it; and lo tho,=e who have never done so, it would be difhcult 

convey an adequate idea of their wild character. 

or to accomjilish the feat of stretching the line across, it 
ssary for the canoes to paUdle up the stream some con- 
Bnderalile distance, to make up for the loss by the tbrcc of the 
Kcurrent in crossing. Six of these canoes took part in the opera- 
I'lion, the first containing Mr. Prcscott, the coil of wire, " Big 
teticse," the chief of the Caughnewaga tribe, and one other 
The slightest accident to the frail canoe was certain 
■death; but Mr. Fresoott had full fuith in his Indian friends, 
k-lnth as lo their wonderful skill in the navigation of these don- 
R.gerous rapids, and to their sincere friendship for him, and the 
esult proved the propriety of Ihis confidence, 

! iron wires coated with zinc are in the neighborhood of 

uinufacturing towns, where great quantities of coal are daily 

bumcil, the Bulp~hurous vapors arising from such fuel, and passing 

over the oxide of zinc formed on the covering of the wires, convert 

«ueh oxide of linc into a siilphate of zinc when the same is cov- 

V«nd with moisture. This sulphate of zinc, being soluble in water, 

! immediately melted by the rain, and drops off with it. The 

Hire is thus denuded of its insoluble covering, and soon melts 

Biway. We have had wires reduced from a diameter of an eighth 

1 inch down to the diameter of ft common aewtng-weedle in 

a than I wo years. In such cases it is necessary to protect the 

Mrcs by a covering of vamish or paint, in order to prevent the 

mtact of these vajwirs n-ith the wire, or to employ wires entirely 

in bone-rubber. 
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INSULATION. 

One of llie most important matters connected with the elee 
trie telegraph ia the proper iu^ulatioa of the wires; but this, 
we are sorry to say, li one of the great defecla of all the lines 
in this country. It does not matter how perfect our appara- 
tus is in other respecia ; if the insulation ia defective, it is ^ 
constant source of annoyance, and causes, olleniimea, great loss 
of loaineas. Much can be done by incrcaoing the power of the 
batteries, and by dislribuling them along flie line ; etill the disa- 
greeable fact ought not to be withheld, that in rainy or foggy 
weather not one of our telegraph lines jn this country is reliable, 
or, if they work at all, il is only from ope short station lo another, 
and that with much difficulty. But this ig also the ease in Eng- 
land, France, Germany, — in a word, in every country where the 
electric telegraph haa been introduceij. 

Cannot the insulation be improved, and something approaching 
the desideratum long hoped for be obtained ? We think it can. 
Science and experience have been teaching us, ever since the first 
rod of telegraph wire has been in operation, that we should not 
rely upon glass as an insulator ; and yet it has been almost uni- 
versally used in this country. Every one has observed that, 
whenever the weather is wet or fo^y, every ailicle of glass is 
covered with a thin film of water ; and of course each insulator 
on a line of telegraph ia so covered wilh moisture. Certainly 
some electricity will escape over each gloss insulator so covered ; 
in fact, glass becomes a conductor as soon as it is exposed to 
humidity; it attracts to its surface the aqueous vapors of the 
atmosphere ; they form there a thin film of water, by which the 
etectricily passes away. When we reflect, that, on a line of tele- 
graph 500 miles in length, there are 15,000 such imperfect insn- 
talors lo conduct the fluid from tlie wire, we are at no loss to 
account for the dissipation of all, or nearly all, the galvanism 
generated by the battery, and the consequent bad working of the 

The insulalora now in use are the glass, unprotected by iron or 
other covering ; glass protected by an iron covering ; pine wood 
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iked and sonkcd wilh shellac, and having a piece of ^'lass in- 
: glazed porous earthenware, or baked elay ; ^lasd upon 
a pins, proteelcd by a wooden shield ; while flint ; bone- 
surrounding an iron hook, ihe rubber having a screw cut 
>on it which is fastened lo n wooden block ; and the bone-rubber 
rotecled by an iron eovering. 

e chief and unsurmounlable objection to the use of the un- 
protected glass insulator is its great liability to fracture. So 
great doee tbU objection practically prove, especially in thinly 
populated districts, where blows from missiles are most liable to 
occur, that on lines of one hundred miles in length, insulated 
with unproleeled glass, there are always from five to thirty insu- 
lators fraetured and useless. Within the (last year we have been 
^ obligeil lo replace over one thousand of these unprotected glass 
^■insulators upon a line of one hundred and fifly miles in length. 
^bt is obvious that during rain-storms the working of a line thus 
Bimperfectly insulated must be sadly interrupted. The manufac- 
' turers of the glass insulator find it extremely difficult greatly to 
increase the strength of the malerial by increasing its thickness, 
on account of tlic ditficnlty experienced in suitably annealing iL 
La slight scratch will ot^en cause the thicker insulator to fracture 
nd become useless. 
The iron-protected insulator (that is, a gloss insulator with an 
a covering) is practically much superior to unprotected glass, 
j the kind at iiresent used upon some lines. Still, it is in 
feral respects highly objectionable. The glass within the 
ixtremely liable to fracture from the effects of missiles 
biking the iron protection. When the glass within is frac- 
r cracked, capillary attraction ensues during moist states 
' the atmosphere, and thus is formed an electrical connec- 
I between the two metallic surfaces which the gloss should 
hsulate. When one of tlie iron-protected insulators becomes 
"■Imperfect, it is extremely difficult, in riding by, to find the exact 
location of the difficulty, and determine which insulator is at fault. 
The large msyorily of posts splintered by the effects of lightning 
during the spring and summer months are upou lines making use 
of iron-protected insulators. The cause is obvious. The rea* 
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ence of so large a mass of metal serrGs lo attract and Hccumulate 
a great qiianiUy of free eleciriuiiy, wliicli, having no conductor 
to the earth, except the damp post, and that offering a great i»- 
siBlance lo its passage, is shivered in the descenU Tlie iron- 
protected insulator is necessarily cosily, heing composed of two 
materials, and manufactured at ]>Iaces u^^iually [[uite distant. 
Double handUug, and an estru iruiisportatiou, augment the ex- 
pense. 

The chief objections to wood, coaled or saturated with shellac, 
arc, that the shellac cracks and decomposes upon tlie surface on 
exposure to atmoapheric influences and during moist weather, and 
the dilHculty of shaping wood into lorms most approved for shed- 
ding rain, without large expense. 

Porous earthenware and bakcd-clay insulators are principallj 
defective from the fact, that the body is so porous as readily and 
easily to absorb moisture. Whenever the glazing is broken 
through by the wire and the spike, a moist eommiuii cation b at 
once established, and the insulator is highly imperfect. A similar 
objection holds against the use of gums, resins, and other non- 
conducting substances less hard than gWs, as the wire would soon 
wear through and touch the pin u]N>n which the insulator rests ; 
the surface, also, is liable to gradual decomposition on exposure. 
This system of insulation is extensively used in Great Britain, 
where they have undergone great expense in providing wooden 
roofs lo shelter them from the rain; but they answer a very indif- 
ferent purpose, even when so protected. 

In Germany and France they use gloss very extenavely, as 
indeed they do in Australia, California, South America, Canada, 
and other British American Provinces, and in the United 
Stales. * 

The glass with a wooden shield (Fig. 78) is preferable to the 
iron, and for preferable lo the unprotected glass insulator; but it 
is open to the serious objection, that when a fracture occurs it 
cannot be discovered except by climbing the pole and making a 
minute examination (Fig. 79). We have under our charge soma 
two hundred miles of line insulated in this manner, which lias 
been in operation about four years, and has required very little 
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fepair ; but it has not proii-ed a good insulator 
~ being diflieult gomctimcs, after a few bours' rai 
a drcuit of less tlian a hundred miles. 
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n wet weather, it 
, lo work tlirough 




I 



Fls. 78. 

The white flint insulator (Fig. ( 






I The white flint insulator (Fig. 80), invented by Mr. E. B. El- 
Bott, we consider the best in use. The superioritj- of this insu- 
lator consists in its strength, insulating prop- 
erties, and economy. The claim for inven- ,^ 
tioo is twofold : the anti-porous nature of 
the niHterial — being (he result of a con- 
tinued series of careful experiments, and the 
iffiprovi^nicnts in form — lending to give in- 
crcmed strength, and also affording addi- 
tional protection agtunat the ill effects of 
titmwpheric changes. 

Its composition is flint, feUpar, and 
IquariK, principally flint. The strength of 
! heavieet of the insulators in use lias 
I thoroughly tested by pi^tol-lialU, and 
by being brought forcibly in contact with the iron-prolccled 
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insulators i 
tUe bullctd upon the convex 
lator, and in tlic latter cos 
the iron, but fracturing the 



in the former ease merely flattening 
lurface, without fracturing ihc insu- 
breaking not only tbe glass within 
■on protection itself. Ita insulating 
properties equal those of the purest glass, and arc superior to 
tbo^e of gla^s in common use. No deliquescent salts enter into 
its composition ; consequently moisture from the atmosphere b 
less likely to accumulate upon the surface of this insulator than 
upon tbo:ie made of common glass. Its anti-porous qualities have 
been made the subject of severest tests by sciontidc and practical 
telegraphers. The corrugations benealli serve as additional pro- 
tection against such an acuumulation of moisture as would permit 
a premature escape of the electric eurreut, since the moisture is 
little likely to collect, at one and the same lime, on the ridges and 
in the depressions. Hence, there is left upon the surface at least 
one dry and insulating ring, which the electricity cannot pass. 

As regards economy, this Insulator can be afforded at a lower 
price than any protected insulator heretofore used, — llic prices 
ranging from ton to fifteen cents each, being deterniineil by the 
quantity used and by the pattern adopted. Adding to tliese 
prices six cents, the cost of an iron spike upon which the insulator 
is placed, gives from sixteen to twenty-one cents for the total cost 
of insulator and spike. If wooden pins, costing one cent each, 
are used, the total cost of insulator and pin will be from oleven 
to sixteen cents. The cost of iron-protected insulators now in 
use varies from tweniy-five to sixty-two cenla. There are, how- 
ever, but few lines still reUuning the iron-protected insulator, and 
they are mainly confined to use in cities, where the wires croaa 
high buildings. 

The white-flint insulator is fractured with very great difliculty, 
and would be uninjured by missiles as ordinarily thrown; but 
should one become imperfect, the fact would Le at once evident, 
and could be detecied as far as the insulator could be dii^linguished. 
It serves rather to protect posts from tlie injurious effects of light- 
ning (which iron-capped insulators invite), and on tliis account ia 
peculiarly adapted to the wants of the South and our Western 
prairies. Its insulating properties depend on no mere glazed 
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roaiing. lu «hape is perfectly adapted lo the Attainment of ihe 
grviUCdt stn.-ngth consistent with the affurding of due protection 
ti-cim ibc injurious effects of storms and uluospberic lullueiiuea, 
Sliould fracture occur, it would, in tlic mnjuritj- of cu^ms, continue 
supporting the wire, and be elill an insulator. It oSbrds thu 
readiest facilities for prompt repair, an advantage of no small 
practical importance. It is througliout an insulator, and, like 
glass, impervious to moisture, under cotmnoQ aimos|)licric pres- 
sures. 

This insulator bas been used to some extent during the past 
five yeai», and experience has demonstrated the correctness of 
Ibe statements we have mode in regard to it ; and aliboueh 
it is not a perfect insulator, it approaches nearer the require- 
ments of such than any other whicli has been tried. Upon 
some lines, of forty to sixty miles in length, the operators have 
not ex|terienced any escape during (he heaviest storms. But U> 
give them a thorough trial, ihey ought to he placed upon lines 
of sevenvl hundred miles in length. It is greatly lo be hoped, 
Ibai. in Ihe cbangca now going on so extensively among the lead- 
ing telegraph interests in this country, this most important and 
vital question of insulation may be placed in the hands of some 
thorough, practical electrician for solution. Our present system 
of insulation is a positive disgrace to the scientific ability of our 
American telegraphic engineers. Our principal lines work very 
well during dry weather, when in fact scarcely any insulation, 
beyond the dry jxiles, is needed ; but let a shower, even, come 
up, and oil the wires are seriously oRected by escape. 

It is not an unfre(]ucnt occurrence, during the rainy season, for 
all communication between the important cities of New York and 
Boston, by the wires, to be suspended, notwithstanding there arc 
no less than eight direct lines extending between the two places. 
There is no necessity for this whatever; and were the large and 
roost approved jiatlera of white-Hint insulator — set upon a 
wooden pin — substituted for the defective varieties now in use, 
we feel assured that the serious diOiculty would be surmounted, 
and that telegraphic iwercourse between these points would te 
placed beyond the reach of rttin-slorms or fogs. 
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In using tlie white-flint insulator, we sliould strongly reoonj 
meud tile uae of wooden brackets for eupporta, instead of iron. 
During llie past few yeara a new materiul has demanded thi 
attention of our telegraph managers, aa a substi 
tute for glass and other insulating substances, via 
bone-rubber. Some ten thousand milea of wire ar| 
insulated with tliia substance al the present time. 

The form most generally used is that of I 
straiglit eliank, terminated witli n hook. Tht 
shank is of iron, covered with bone-rubber, upot 
which is cut a screw-thread, which is then ecrcwet 
into a wooden \i\ofk (Fig. 81), four inclies sijuaro 
the block is made fust to the posts by means ol 
iron spikes. The wire is held by the hook, whict 
depends from the under side of the block 
This insulator lins but one subslanliu! fuult, and that easil] 
remciliei], — want of insulating distanee. There ih but one incl 
of insulaling distance between the iron hook and the wooden 
blx>ck, and, of course, during a heavy rain-slonn this soon bei 
comes covered with moisture, and the current escapes in largt 
quantities. In foci, with a good earth wire in our lia:ids, and ap- 
plying the tongue to the moist pole, wo can toslc the escape cur^ 
rent within a few inches of the block. 

A very large number of these insulators have l>ecn used upon 
Ihe Northern and Eastern lines, and various expedients proposed 
to remedy the defect. One of them is a rather complicated ar 
rangement, by whicli a glass cylinder is fastened to the hook, and 
the line wire lied to the glass. Besides being very easily broken^ 
the glass is so £IIed and lied about with iron, as lo afTonl scarcel] 
any insulating surface. 

Wo have proposed to remedy the defect of this insulator bj 
simply increasing the insulating surface of the bone-rubber. In- 
stead of having only one inch of insulating distance, let us have 
twelve. This can he done either by increasing the length of the 
shank, or by baling the shank covered with a shield of bone- 
rubber. This would make a firm, durable insulator, giving twelv* 
inches of insulating distance, six of which would be beyond th* 
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; cannot speak irom positive knowledge, — lo be only ol>- 
1, as are all sdentific facta, by actual experiment, — but we 
no doubt timt an inaulalor thus made would enable a wire 
work five hundred niiles during any weather. 

This insulator would be somewhat more cwtly thnn the ordi- 
nary kind, but not sufficiently go to bar its use &om any line 
where good insul&tion in required. 

A line of fifty miles in length may be worked in ordinary 
weather without the aid of olhor insulators than the posts, and it 
may be worked half tliat distance even during a elorm ; but this 
distance cannot be safely increased. In 1847, a line was con- 
structed between Boston and Portland, — a diatiuice of one hun- 
dred and ten miles, — without insulators, the wire being simply 
allocbed by iron spikes lo the posts ; but the esperimenl did not 
prove a Buccegsful one, tlie line not being able lo work until insu- 
lated. The very idea of liying to work a line tliis distance with- 
out insaliition showed most unpardonable ignorance on the part 
of the proprietor, the necessity for such insulation having been 
demon St rated by Franklin. Waison, and Le Mounier, for high- 
lenaiun elet'irieity, in 1747-50, and by Gauss and Weber, 
Steinheil, and Wheslatone, in 1833-37, for that of low ten- 



The use of iron, or other metals, in the construction of tele- 
graphs, except as conductors, should be avoided o» much as pos- 
sible. Many lines have been seriously injured by the improper 
use of rods of iron, extending between posts situated upon oppo- 
site sides of a street, to which were attached insulators, for the 
purpose of conilucting wires out of llie branches of trees. 

Such rods have been used in many of the cities and villages 
in Connecticut, where there are great numbers of shade-trees ; 
but it was found tliat in damp weather tliey caused great escape 
from one wire to another, and they were consequently removed. 

COST OF COKSTRUCTINO AERIAL LINKS. 

The cost of eonslrucling lines of aerial telegraph depends very 

much upon the route, the peeuliarilies of the soil, and whether 

ihcy are upon lines of railway or over turnpikes. We give the 
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oo8t of the materials used, and the ej^ense of eoostmolioii per 

mile : — 

No. 9 iron wire, 7f cts. per Ib^ 8S0 Hw. per mfle, $ 2480 

30 posts, at 80 cts., 24.00 

80 insulators, at 20 cts., 6.00 

Setting posts per mile, 5.00 

Putting up the wire per mile, • ' . • • 2.00 

Total cost per mile, $61.80 

This is about the cost of constmction of a miyorit^ of onr 
lines; but if constructed as they iboold be^ thej would cost $ 150 
per mile. 

The cost of posts varies according to the localitj. In some 
places thej can be had of good chestnut for forty cents apiece. 

We also give the prices of the different kinds of insulators in 
general use : — 

Glass (unprotected), with iron spike, . .13 cts. 

Glass, with wooden shield and brackets, . . 25 cts. 

White flint, with wooden pin, . . . .18 cts. 

Bone-rubber, with block, 20 cts. 

Bone-rubber, with iron covering, . . . .62 cts. 

Cost of £istrumentSj Batteries, ^c. 

Morse register, * . $ 30.00 

Morse relaj magnet, 15.00 

Key, 4.00 

Local battery, . 3.00 

Total cost of apparatus for office, . . • $ 52.00 



Now let us see what the cost of a line of telegraph of fiv 
hundred miles would be, constructed in the best manner, ao 
fully equipped with all the necessary apparatus for business. 

500 miles of line, at $ 150 per mile, . . $ 75,000.00 
100 cells Grove battery, at $ 1.50, . . 150.00 

50 stations, at $ 52 for apparatus, . . . 2,600.0( 

$ 77,750.0 
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The cost of construcling lines i 

liBiich greater tlmn in ihii uiuiitry, o 

naaner in wliich they are built. 

The wire generally used is iron, of about one sixth of an inch 

Bin diameter (No. 8 gauge), covered with a layer of zinc, in order 

Kid prevent oxidation. The posts are from 15 to 20 feet high, 

I according to circumstances, ti to 12 inches square at the base, 

Band 4 to 6 inches square at the top ; they are painted white, and 

I are tarred at the lower end, where it enters into the ground ; 

heir distance varies from 55 to 73} yards. 

Independently of the supporting poles, tifindinff-pofts exiat at 

iregular distances, — the mean of whieh is a quarter of a mile, — 

Kbitended, as their name indicates, for straining the wires, which 

I Iwt for this, on account of their great length, would form a curve, 

I that would bring them too near the ground. It is essential that 

I the wires should not bo in immediate communication with ihe 

I wood of the polesf which is a conductor, especially when it is 

I' moist, because the currents would be dlverlcd, and pass into the 

I aeighboring wires, or penetrate into the ground, which would oc- 

* Casion great disturbances. In order to insulate them, supporters 

are employed of different forms of baked clay, or glazed porcelain, 

which are fixed upon the wooden poles, and along which llie wires 

are made lo ptiss. Upon the early English lines a wooden ann was 

fixed by iron bolta against Ihe supporting pole, which is separated 

from it by discs of earthen-ware ; the arm itself carries four or 

c double cones of earthen-ware, retained by iron cli[>s. The 

conducting- wires traverse one of these cones, and are thus very 

*ell insulated ; a double system of wires passes before and behind 

the pole, which is covered by a small wooden roof. Each winder 

curies on each side its strainer, composed o( a drum and axis 

frith wheel and ratchet; the ends of the winder ore insulated 

from the post by ejirthen-ware discs, and the wires are attached 

in cither side; in order lo complete the circuit, a secondary 

irire is soldered lo the principal wire, on either side of the post. 

X each winding'post, only half the wires, in most cases, are in- 

lemiplod; the other half passes the post, elill being insuLstcd 

a it by means of the double cones of earthen-ware, the a 
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which they traverse. It follows from this arrangement, that, ai 
the poles are a quarter of a mile apart, each wire is half a mile j 
in length. 

In France the coat of constructing aerial lines, including the 
apparatus in the offices, is in general about 500 franca per kilu- 
nearly $ 200 per mile. This includes the injection of 
the posts wllh sulphate of copper, and the construction of the 
lines in the most durable and substantial manner. The first coat < 
of building a line in tliis manner is about twice as much as the 
cost of GonBtnicting ours, but the durability of these lines is at 
it ten times as lasting aa those of the United Staffs. 

We must not omit to notice the changes which have taken 
place in the construction of lines, as well as in the instruments 
and batteries, since the first line was built, in 1844. Tlie wire 
1 eonstrucling that line was copper, covered with cotton 
and a preparation of asphallum, it being supposed necessary to 
insulate the wires from the atmosphere, which is now known to 
facilitate the passage of the current. The line was composed of 
two wires, — one for the passage, and the other for the return 
current, — it not being known at that time by Professor Morse 
that the earth formed an admirable medium for the return cur- 
rent, although the fact was well known by European electriciana 
many years before, as we have shown, from the experiments of ' 
Gauss and Weber, and the subsequent use of the earth as a re- 
turn conductor by Stcinheil of Munich. 

Since 1847, iron conducting-w ires have been used instead of 
copper, whicli, besides being much more eKpensive, are much 
more liable to be broken. It was found that No. I6 copper wire 
— the size used for telegraphic purposes — would not sustain its 
own weight when estended upon poles two himdred feet apart, 
but gradually drew to a fine tliread, and then of course broke. 
The lines between Boston and New York, and between New 
York and Buffalo, were originally constructed with copper wirej 
but in the outumn of 184B the copper wires between Boston and 
New York were taken down, and iron erected in their place j and 
in the auoceedirg spring the same change was made u]Kin the 
New YoHt and BulTulo lioes. 
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I Harrison Gray Dyar seems to hare deinonstrjiteii thu pracU- 
ibility of emplojiDg iron wires for telegraph lines as early as 
1828, but no advantage was taken of this discovery by our coun- 
trymen, and it remained for &I. Steinheil to bring it into general 

Mr. Alfred Vail, in a work npon tbe electro-magnetic tcle- 
grapb, published in 184C, showed ihal two or moro lines could 
be worked from the eame battery, but for many years no practi- 
cal me was made of this very important discovery. Until 1851, 
all the telegraph lines in tbe United States and the Canadas used 
BCfiarate batteries for each wire, and I beliere Boston is entitled 
to llic credit of demonstrating the practicability of working more 
than one line from the same battery. 

Mr. E. B. Elliott, the manager of the House Printing Tele- 
graph Office, was the first, we believe, (o try the eiperiment upon 
a line, and we subsequently worked two wires upon the Mer- 
chants' Line between New York and Boston, from the Boston 
terminus, six months before the discovery was generally known. 
Now there are ten lines working out of the same battery at tbe 
American Telegriiph Office in this city, — seven of them using 
the MoFBB instruments, two using the Combination, and one tbe 
House. The electric fluid, leaving the same battery, travels upon 
ita useful errand cast, west, north, and south, transmitting de- 
spatches to Maine, New Brunswick, Vermont, and New York, 
and returning liy a short cut under ground, making the circuit, 
whether long or short, as quick as thought. Only one ground 
wire is used for all the lines, and only one wire is brought from 
the battery to the operating room, where all the lines are at- 
tached. This using one battery for so many lines is a vast sav- 
ing in the expense of working several wires from the same 
office. With a battcfy of fifty Grove's cells, no perceptible change 
is observed in the circuit*, in consequence of a less or greater 
number of wires being attached to the batteiy, providing tlic 
lines be well insulated. 

Two things only seem to be necessary : — 1st. That a largo con- 
ductor shall be brought from the battery to the operating room, 
i ibu other pole of the battery to the ground. 2d. That 
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there shall be no earth connection, by nhich a return con be 
tnade, within a liiaiaiice of fifty miles, unless a rbeoiitat of suf- 
ficient roaislance be iolerposed to make the circtiit equal to that 
number of miles. 

"With a battery of fifty Grove's cells attiLchcd to lines well in- 
sulated, the number of circuits which may be worked from it 
without undergoing any change in strength or steadiness has not 
yet been ascertained, but it is doubtless very great During 
heavy stormy however, there arise serious duraogements to the 
circuits from the escape, and the ojieralion of one wire will in- 
terrupt that of others. It bas been suggested that this difficulty 
might be avoided by increasing the size of the cells, and thus 
increasing the quantity of the current, without adding to the 
intensity. The cause of the change in the steadinesa of the cur- 
rents being due to the close proxicDiiy of the escape, and tiie 
consequent shortness of the circuits, it is supposed this might be 
obviated by giviug them sufficient quantity to supply such extra 
demand. The subject is well worthy tlie attention of our tele- 
graphic managers, and we hope it may receive proper consid- 

The wires which run out of the office in Boston, and which are 
connected by one conducUng-wire of large diameter with the bat- 
tery of fifty Grove cells, work circuits of the following lengtlis : — 
New York, 230 miles; Rutland, Vt, 160 miles; Calais, Me., 
300 miles; Springfield, Mass., 100 miles; Portland, Me., 110 
miles ; Provincelown, 160 miles ; Kockport, Cape Ann, 50 miles; 
I4cw Bedford, 60 miles ; Sciluate, Mass., (as the line runs,) fiO 

By the introduction of a rheostat of very great resistance^ an 
alarum is operated by throwing the mmn battery current into the 
earth, without affecting the working of the instruments in the 
least. This alanim is used for the purpose of calling the atten- 
tion of llie messenger, whose duty it is to carry the des;iatches 
from the operator's table to that of the delivery clerk. As may 
be readily surmised, the arrangement is rather more fanciful 
than useful, and we only allude lo it here, to show bow useful the 
rheostat may prove, in cases where the main battery is used upon 

i*ery short circuiL 
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II. There has been a grent change, since the first inlroduclion of 
the Morse instrument, in the conslruclion of the c1e<;tro-magnets ; 
those which were used originally were very large ami awkward 
affairs, weighing thirty or Ibrty pounds, — they are now made ao 
light and cocopact that tliey can l>e carried in the vest pocket. 
With the Itlorae syatcm of telegraphy, an eipert operator will 

[ Hnd, or receive, fifteen hundred words an hour, — or between 

[ 8 A. M. and 8 P. M. he will Bcnd and receive three hundred de- 
patches of the ordinary length. These despatches, at the rate of 
HrenLy-five cenU apiece, would amount to seventy-tive dollars,^ 

^■howing that the business is a profitable one, providing there 
are not other expenses which are counting up very fast while the 
operator is using the line in this profitable manner. The truth is, 
the business is very profitable upon nearly all routes in ibis coun- 
try where the lines are even tolerably well managed. Much 
money has been wast«d in expensive lawsuits between rival 
patentees, and lines working under them have suffered in conse- 
quence. Much money has also been foolishly wasted by incom- 
petent employes, who have, in consequence of their ignorance 
of the science of electricity, expended large sums upon use- 
le^ experiments, especially in regard to insulation. We shall 
not particularize, but we have now in recollection one line 
which has undergone over a dozen complete changes in insula- 
tion, and has not yet arrined at a system worthy of the name 1 
One of the larger companies employed an ignorant adventurer, 
who possessed no knowledge of llie science of electricity, or of 
the practice as applied to telegraphy, except what he gained by a 
few months' experience in one of our American telegraph offices ; 
and yet this man was paid a large salary, and employed for some 
years in phice of a good practical electrician, of whom there are 
^^lony occupying subonlinale positions upon nearly all the lines in 
^Bbis country. One of ihc most ghunng pieces of stupidity, per- 
^naps, which this company had to endure, was the expenditure of 
some $ 15,000 in the purchase of iron insulators, coated with a 
thin ghizing of porcebiin. Of course a couple of weeks' use, ex- 
posed to the influence of heavy winds and the strain of the wire, 

I broke the thin coating, and thus nt(«rly destroyed all ini^ulating 

■properties in the eo-callcd insulator. 
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Heretofore very litlle attenlion has been paid to the amount of 
knowledge which a man poasesseU of the science of electricity, in 
his appointment as manager or superintendent of a telegraph line, 
it seemingly not having occurred lo our directors lltat the eleetric 
telegraph is the application to a useful purpose of a science, and 
that at lea»t a limited supply of knowledge upon the subject 
would be useful. It is greatly lo be hoped that hereafter more 
attention will be paid to this matter, as well as to the conBlruct- 
ing of good, substantial liuea in the place of the present mere 
apologies for sach. 

TELEGRAPH IS ITALY. 

The most surprising extunplea of long lines of wires with- 
out intermediate support are presented on the telegraphic line 
passing north and Boutb through Piedmont, between Turin and 
Genoa. There, according to a report published in the Pied- 
montese Gazette, in the course of the line passing through 
the district intersected by the chain of the Bochetta, the en- 
gineer, M. Bonelli, hud ihe boldness lo carry the wires from 
summit to summit across extensive valleys and ravines, at im- 
mense heights above ihe level of the ground. In many cases, 
the distance between these summits amounted to more than half 
a mile. In passing through towns, this line is carried under- 
ground ; emerging from which, it is again stretched through the 
air from crest lo crest of the maritime Apennines ; after which 
it tinally sinks into the earth, paasing through Genoa under the 
streets, aad terminating in the Ducal palace. 

It is staled that the insulation of the wires on ihls picturesque 
line has been so perfect, notwithstanding the adverse circum- 
stances of its locality, that although it was constantly at work day 
and night during the first winter, no failure of transmission or 
exlraonlinary delay ever occurred. 

Why would it not be well for the American Company lo con- 
struct a lino between the most important points of their vast 
territory upon the above principle ? — using slout posts, say one 
thousand feet apart, and the best and toughest iron wire of No. 8 
gauge. This would avoid all difficulty from imperfect insnlatioii, 
even in the most stormy weather. 
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TELEGRAPH IN INDIA. 

Dr. O'Sbaugbnessy, of the East India Compan^'a medical de- 
in coniitructing an experimental line through a dis* 
e of eighty miles from Calcutta, used, instead of wires, iron 
rods, — being iLe only obtainable material. Tbase were lasteued 
together and supported on bamboos. 

By experiments thus made, he found that the wires employed in 
£uro|)C wonid be quite inadequate to the Indian lelegrapb, for no 
sooner were the rods mounted on their bamboo supports in India, 
than flocka of lliaC largest of all birds, the adjutant, found the rods 
conTenienl perches, and groups of monkeya congregated upon 
them ; showing clearly enough that the ordinary wire would be 
inauHieient to bear the strains lo which these telegraphic lines 
would be subjected. It was found, also, tbut not only must the 
wire be stronger, but that it must be more elevated, to allow 
loaded elepliants, which march about, regardless of roads or tele- 
graph lines, lo pass underneath. 

The telegn^hic commuuicalion thus practically effected is 
subjected to attacks to which the lines in tins couiilry are but 
little exposed. Storms of lightning destroyed the coils, and hur- 
ricanes laid prostrate the posts. 

One of the ])eculiaritica of the railway lines in India is tlie 
great distance between the posts, which are higher and stronger 
than those used in other countries. The thick wire is raised on 
posts an eighth of a mile apart. To obtain the necessary 
strength to bear the straiTi, the posts are fixed with screw-pileg. 
To show the slrenglh of the wires thus eiiendi^d. a rope wos, 
lor experiment, hung lo the centre of the wire of largest span, 
and a soldier climbed up it, the weight of his body produdng 
but a slight curvature. The common deflection arising from 
the weight of a wire of a furlong span does not exceed eighteen 
inches. 

Dr. O'Shaughnessy's plan of underground comtnuni cation is 
very econoniical. The copper wires, coated with gutta-percha, 
are inlaid in wooden sleepers, well saturated with arsenic to pro- 
tect them from the while ants, and laid in a trench Iwo feel deep. 
24 
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:a may thus be laid down for 






An underground pyatem of 
$175 per mile. 

The plan adopted for joining the lengths of the thick gal- 
Tanized wire ia to have the two ends turned, bo aa to link into 
one another, which are then introduced into n mould, lilte a buUeb- 
mould, and, an ingot of zinc being cast over them, they ibnn s 
moat BiibstantinI joint, and perfect metallic connection. 

There arc several thousands of miles of line in operation in 
India at the present time. 

EEPAIRING TELEGRAPH LINES. 

After the proper construction of the line, the next important 
consideration is the keeping of it in repair. For this purpose, 
there should be provided a suitable number of repairers, eta- 
tioned at regular intervals throughout the line, whose duty should 
consist in repairing the districts allotted to them. These repair- 
ers should be under the control of the superintendent solely, and 
should be held by him accountable for a thoroughly good condi- 
tion of the posts, wires, insulators, &c. in their difitricta at all 
limes. 

As repairers cannot be stationed at all the ofGces, nor be always 
at bund when a break occurs, the operators in the intermediate 
oUicGS should also be able to repair breaks and other derangements 
upon the line whenever they occur within their respective sections, 
and no repairer b present. For this purpose, each office should 
have on hand at all times a supply of wire and insulators suffi- 
cient for any emergency, and should also be provided with plyers, 
creepers or climbers, and straps and vices. With these simple 
and inexpensive tools, which would cost only about ten dollars, 
each office would be fully equipped for any emergency. The 
repairers, in addition to the tools above mcntjoned, should be 
provided with crowbars, shovels, axes, hatchets, and light ladders. 

In the lai^e towns, a certain number of repairers, according to 
the extent of lines in the town and the number radiating from it, 
should he stationed at the offices, to be ready at all times to repair 
breaks which may occur in their immediate vicinity. In towns 
where the wires ore attached to the roofs of private and public 
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^hoildings, the diities of such rep^ere are not only of an impor- 

H^tuit, but a rcspoEieible character. No legislation has ever been 

hsd upon the subject ; but there have never been found any real 

diiiiculties in the way of constructing and maintaining the wires 

npon private dwellings, from the fact that almost every person 

LSks bd interest in the successful operation of the electric tele- 

raph. Still, the importance of employing efficient and gentle- 

lanly persons to visit privole dwellings for the purpose of 

iBaking rcpiurs must be obvious. 

In London, Paris, and most other European cities, the wires 

Fare laid in tube« under ground. Besides being expensive, this 

method is objectionable on account of tbe less satisfactory opera- 

^on of subterranean aa compared with aerial lines ; and it is to 

be hoped that nothing may occur to interrupt the good feeling 

[between the public and ibo telegraph companiea in this country 

Kla this particular. 

HOW TO LOCATE A BREAK, ETC. 

The question is often ashed, how operators upon telegraph 

les are able to tell where a break, upon a lengthy line, is 

H|0 be found. This is done by an investigation called letling. 

i have explained that electro-magnetism is produced by an 

; eurrenl; that an electric current is obtained by uniting 

' the two poles of a galvanic battery by means of a conductor ; 

and that the earth, from its immense surface, forms not only 

a good conductor, hut the very best conductor in the world, — 

. a conductor, in fnci, who.ne resistance is nothing. Each end 

f a telegraph line is always connected with the earth, — the 

«h serving instead of a return wire. The necessity of such a 

n conductor will be seen at once, by starling frcm the poti- 

« pole of a battery in Boston, and running a wire to New York. 

;nd of the wire in New York and ihe negative pole in 

ust be united by a conductor, eLie there will be no cur- 

RnL The earth serves as this ronduetor, by simply running a 

a from the negaliSe pole in Boston, and a similar one from 

1 positive pole in New York, to the earth. The following 

o (Fig. 82) will enable the reader to understand the ar- 
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rangemcnt of the butteries, iiiBtniments, wires, and otber appa- 
ratus upon a long t<:legraph line 

In this diagram the fluid is represented as flowing from the 
Boston, through the wire to New York, ihcnce 
through the battery to the 
earth, thence back to the plat« 
buried in the earth al Soeton, 
thence tlirough tlie wire con- 
nected to the plate, to llie neg- 
ative pole of llic hattcry, thus 
completing the circuit 

"We have spoken here of the 
fluid as if there were but one, 
while in fact we know lliere 
are two, and that the negative 
fluid flows in the opposite direo- 
tioD to that of the positive, which 
is represented by the arrows. 
The theory which generallj ob- 
tains in regard to the electrical 
fluid is, that the two kinds, posi- 
tive and negative, are neutralized 
by each other at every point 
throughout the whole extent of 
the wire conductor, and thus by 
tlic act of neutralization create 
what we term the current. The 
earth, having a surplus of both 
kinds, neutralizes the two fluids 
without loss, presenting, in fact, 
the same result as if the two ends 
of the wire were united. To illustrate : — Suppose a wire 
extending between Boston and New York required twenty 
Grove's cups to produce a certain influence upon an electro-m^- 
net or a galvanometer, — the termini of thff wire connecting with 
the earth, — the circuit would represent 460 miles, — 230 being 
a wire conductor, and the earth supplying the remainder. Now, 
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from New 
■uit will be 



I 



lake the same length of wire, and make the circi 
York to Iliirtlbrd anil reium, and the length of the 
only 230 miles ; but it will require precisely the same amount of 
electro-molivc force in the battery, or, in other words, the same 
number of cups, to produce the same effect upon the galve- 
nomelcr, or electro-magnet, aa in the circuit of twice the length, 
in which the earth formed n part But suppose we put the ter- 
mini of the wire in the earth at Hartford and New York, instead 
of forming an entire metallic circuit; 
then wo require but half the electro- 
motive force to produce the same re- 
sults upon (he galvanometer. This 
shows that the resistance to conduction 
by the earth is null. 

As the current in passing through 
the wire creates magnetism in all the 
helices which are in the circuit, their 
armatures are drawn up ; but if the line 
breaks, the current ceases, the 
are forced back by their sprinj 
CTery operator at once bee 
of the facL Each operator then applies 
bis earth-wire to the line upon each side 
of his relay maj^net, and, if he obtain.'^ 
a current, be knows that the line is whole 
upon that side ; and if he gets none upon 
the other, he concludes the line is down, 
and sends out a repairer lo put it in 

We will now suppose the line to be 
broken between Hartford and New 
Haven ; each operator at his respective 
station puts on hia ground wire, and 
ascertjuns at once upon which aide of 
him the break has occurred. Hartford, 
ascert^ning the break to be west, sends his repairer in that direc- 
tion, with orders to proceed until be finds the break, or meets the 
24" 
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repairer from New Haven ; New Haven sends his repairer east, 
with liiQ same inairuc Lions. 

The foregoing diagram (Fig. 83), represents tlie manner in 
whicli ft drcuit is divided into sbort circuiU, when a lireak lias 
occ;urred. In the diagram, llie line having broken between 
Hartford and New Haven, Hartford puts on a ground wire west- 
ward of Ills apparatus, and eslablislies a. circuit through liis 
ground with Boston ; while New Haven puis on a ground wire 
eastward vf his apparatus, and establishes a drcuit with New 
York. 

Breaks are easily found and repaired, but " grounds," " escapes," 
and " crosses " of\ea require much labor and skill to locate. 
They require sometimes to be tested for from pole to pole. 

The following is the plan most convenient for establishing the 
location of a ground. Wo will suppose Boston and New York 
to be working, but with much difflcullj-, from the escape of a por- 
tion of the electric fluid into the earth. Boston says, " Let us 
test ; please open." New York then lifts his key, and thereby 
opens the circuit, while Bwion breaks and closes his connection 
with the wire, and finds he gets a strong current while New 
York is open. This proves that there is a serious "ground" 
between them. Boston then calls Stamford, the next station, and 
gels him lo open ; then Bridgeport, then New Haven. When 
New Haven opens, he geta no circuit, and thus has located the 
difficulty between New Haven and Bridgeport. He then noti- 
fies tbem of the fact, and each sends out a repairer, who meet, 
we will say, at Stratford, half-way, and neither has found any 
trouble ; tliey then conclude it must be a fault in the cable across 
the Housatonic, and they accordingly disconnect at both ends of 
the cable, take the Ime wire in one hand and the cable in the 
other, and apply the conducting wire of the cable to the longiio ; 
if there is a leak in the cable, a strong or weak cairent will 
be found, according to tho size of the leak and the strength of the 
battery. 

A pocket magnet (Fig, 84) is a very convenient instrument 
for the purpose of testing upon a line, as you can converse with 
the operators, when necessary, with the greatest ease. We have 
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rbever found any difficulty, however, in converging by meana of 
■hocks through the fingers or tongue, without any ajtparalus. 



I 




Repairing the wire when broken is a very eimple aftair. If 
broken between two poles, a piece of wire is joined lo the bnger 
part sufficient lo reach to the next pole. The repairer then puts 
on bis creepers or spurs and mounts the pole, taking the wire in 
bis hand. When arrived at the top. he draws, with bis btind, as 
much of the alack as he can, and then applies a vice attached lo a 
strap to tbe wire, and placing llie strap around the top of the pole, 
draws in the remainder of the slack, and Joins the wire. 

We notice, in a work recently published npon the telegraph, a 
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drawing representing a man standing between two posLi, wiiL a 
pair of blouba attached to the two ends of llie broken wire ; the 
man is pulling away at a rope, the supposilian being that he is 
going to pull the wire 6ome iwenly-ftve feel up in the air, wliilo 
in fact, be is of course doing all he can to pull it to the ground ! 
The writer of the work in question evidenlly bad had a very 
limited experience in telegraphing in any capadty, but why he 
should imagine that by means of a pair of blocks he could pull 
the wire up into its place, vic/ioiU anything for the hlocki to reft 
vpon, ia mare than we can divine. 



ENGLISH SUBTERRANEAN LINES. 

We alluded in Part IV. (page 172) lo the subterranean B}^teRi 
in operation in England, but we did not treat the matter so fully 
as its importance would seem to demand. 

The underground system has been adopted in the streets of 
London, and of most other large towns; upon the English and 
Irish Magnetic Telegraph Company's lines, to a great extent; 
and also upon the wires of the European Submarine Telegraph 
Company, between London and Dover. The methods adopted 
for the preservation and insulation of these underground wires 
are various. The wires proceeding from the central telegraph 
station in London were originally wrapped with cotton thread, 
and coated with a misture of tar, resin, and grease. This coat* 
ing forms a perfect insulator. Nine of these wires were then 
packed in a half-inch leaden pipe, and four or five such pipes 
were packed in an iron pipe about three inches in diameter. 
These iron pipes were then laid under the foot pavements, along 
the sides of Ihe streets, and were thus conducted to the terminal 
stations of the various railways, where tlicy were united lo the 
lines of wire supported on posits along the sides of the railways. 
More recently the wires deposited in the underground pipes are 
insulated altogether by means of a coating and envelope of gutta- 
percha. 

The Electric Telegraph Company has at present (1860) no 
less than fifteen miles of this underground piping liud along the 
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Streets of London, contiuning three hundred and jifh/ miles of 
guttO'percba-covereil conducling-wire. 

The wiri?3 of the Magnetic Telegraph Compnny are laid and 
protected In the following manner. Ten con ducting- wirca are 
eovelopeil in a covering of gutta-percha, so as to be completely 
separated one from another. Thus prepared, they are deposited 

^iD a square creosoted wooden trough, measuring three inches in 
the Bide, to that nearly a square inch of its cross-section is al- 
lowed for each of the two wires. This trough is deposited on the 
bottom of a trench cut two feet deep along the side of tlio com- 
mon coach-road. A galvanized iron lid, of about an eighth of an 
inch thick, la then fastened on by clamps or small tenter-hook), 
and the trench filled in. 

The method of laying the wirea in the streets adopted by lliis 
company is a little different. In this case iron pipes are laid, 
but they are split longitudinally. The under lialves are laid 
down in the trench, and the gutta-percha-co»ered wires being 
deposited, the upper halves of the pipes are laid on and secured 
in their places by means of screws through flanges left outaide for 
the puipose. 

To deposit the rope of gutta-pcrcha-covered wires in the trough, 
it is first coiled upon a largo drum, which being rolled along slowly 
and nniformly over the trench, the rope of wires is payed off easily 
and evenly into its bed. 
I So well has this method of laying the wires succeeded, that in 
■ Liverpool the entire distance along the streets from Tithe Bam 
^Sailway station to the Telegraph Company's offices in Exchange 
I Street East was laid in eleven hours ; and in Manchester, the 
line of Hlreeta from the Salford Kailway station to Ducie Street, 
Exchange, was laid in twenty-two hours. Tliis was the entire 
time occupied in opening the trenches, laying down the telegraph 
L-wires, rctilliog the trenches, and relaying tlie pavement. 
I One of the objections against the underground system of con- 
\ ducting wiroa was, that wliile they offered no certmn guaranty 
against the acddentnl occurrence uf faulty points where their in- 
sulation might be rendered imperfect, and where, therefore, the 
current would escape to the earth, they rendered the dotectioa of 
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such faulty points extremely difficult To ascertain their positii 
required a tedious process of trial to be made from ont 
post to aaotlKT, over an indefinite extent of the line. 

A remedy for this aerious inconvenieace, and a ready and cer- 
tain method of ascertaining the exact place of such points of fault, 
without leaving the chief or other station at which the agent 
may happen to be, has been invented and patented by the Messrs. 
Bright of tlie Magnetic Telegraph Company. 

Inslrumenta called Galvanometers, which we have described in 
the first part (page 46,) ore constructed, hy which tlie relalire 
intensity of electric currenls b measured by their effect in deflect- 
ing a magnetic needle from its position of rest. The currenla 
which most deflect the needle have the greatest intensi^, and 
currents which equally deflect it have equal intensities. 

The intensity of a current diminishes as the length of the con- 
ducting-wire — measured from tlie pole of the battery to the ptnnt 
where it enters the earth — is augmented. Thus, if lliis bnigtli 
be increased from twenty mile^ to forty miles, the intensity of the 
current will be decreased one lialf. 

The intcDBiiy of the current is also decreased by decreasing 
the tliickness of the conducting- wire. Thus the intensity, when 
transmitted on a very tliin wire, will be much less than when 
transmitted on a thick wire of equal length; but the thick wire 
may be so much longer than the thin, that its length will compen- 
sate for its thickness, and the intensity of the current transmitted 
upon it may be equal to that transmitted on tlie shorter and thin- 

Tlie method of Messrs. Bright is founded upon this property of 
currents. A tine wire wrapped with silk or cotton, so as to insu- 
late it and prevent the lateral escape of the current, is rolled upon 
a bobbin like a spool of cotton used for needlework. A consid- 
erable length of fine wire is thus comprised in a very small bulk. 

The wire on such a bobbin being connected by one end with 
the wire conducting a currenl, and by the other end with the earth, 
will transmit the current with a certain intensity depending on its 
length, its Uiickness, and, in fine, on the conducting |iower of the 
metal of which it is made. 



CONSTRUCTION OF TELEGRAPH LT\ES. 



287 



Now let ua suppose th&t a certain length of the wire of ihe tele- 
graphic lioe be taken, nhieh will transmit a current of the Eamo 
intensity. A galvanometer placci! in each current will tLen be 
equally deflected. But if ttie length of (he line-wire be leas or 
greater than the exact equivalent length, the galvanometer will 
be more or leas deflected by it than it is hj the bobbin-wire, ac- 
cording as iu lenglb ia less or greater. 

It is, therefore, always possible by trial to ascertain the length 
of line-wire which will give the current the same intensity as 
that which it has npon any proposed bobbin-wire. 

Bobbins may therefore be evidently made carrying greater or 
leas lengths of wire, upon which the current will have the same 
intensity as it has upon various lengths of line-wire. 

Suppose then a series of bobbins provided, which in this sense 
represent various lengths of line-wire from 100 feet to 300 mites, 
and let means be provided of placing them in metallic connection 
in convenient cases. Sucli an apparatus b that by wliich the 
Messrs. Bright detect the points of fault. 

1^1 fl(Fig. 8.'i) he the station-batfery; Ga galvanometer upon 
tin: line-wire; /"the point of luuU at which the current escapes to 



I lie earth, in conecijucnrc of an acciilciilal de- 
fect of the insulation. Let a wire be attacbed 
lu the line-wire of tlie station at 0. and be 
tiiTinecled with the first of a series of bobbins 
such as are described above ; let a galvanom- 
I'ler, similar to C, be placed ufion it at C. 
Let a metallic arm, A C, turning on the point 
J, be so placed that its extremity, C, shall 
move over the series of bobbins, and llial, by 
Fig- 86. moving it upon the centre, A, the end, C, may 

be placed in connection with the wire of any bobbin of the series. 

Let A be connected by a couducting-wire with ttie earth at £'; 
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the negative pole of the batter;, B, being connected with the 
earth at £!. 

The apparalua being tliua arranged, let us suppose that tlie 
nire AC ii placed in connection with the Brsl bobbin, represent- 
ing 10 miles of the line-wire, and that the distance, G I", of tbe 
point of fault is 145 miles. In ibat case, the batterj'-cuiTent will 
be divided at between the two wires G and G', but the 
chief pari will flow hj the shortest and easiest route, and the 
galvanometer G' will be very much, and G very liille detleclcd. 
This will show Hint f must be very much more iban 10 miles 
from tbe litation. Tbe arm A C will then be turned successively 
from bobbin to bobbin. When directed to the second bobbin, 
the current on G' will have the same intensity as if it flowed 
on 20 miles of line-wire ; when turned to tlie third, tbe same as 
if it flowed on 30 miles of line-wire ; and so on. The needle 
of G will therefore continue to be more deflected tlian that of 
G, although the diflerence will be less and leas as the number of 
bobbins brought into tbe circuit is increased. \Vlien the bobbins 
included represent 140 miles, G' will be a little more, and when 
tbey represent 150 miles it will he a little less deflected Iban G, 
from wbicli it will be inferred that the point of fault ties between 
the 140th and lyOlh mile from tlie station. A closer approxima- 
tion may then be mode by the introduction of shorter bobbina* 
And this process may be continued until the place of the fault has 
been discovered with all ibe accuracy necessary for practical pur- 
poses. This method of detecting faults is the one adopted in the 
series of esperimenta instituted witli a view of ascertaining tbe 
exact locality of the fault in tbe Atlantic Cable. When there 
is more than one fault, and only a partial exposure of the con- 
ducting-wirc, the tests become more complicated, and require 
considerable skill in arriving at an accurate aolulion. 

The intensity of the electricity that travels iu the form of a 
current through a closed circuit depends upon two circumstances 
alone, — the force, or forces, that produce the electricity, and 
which we may call electro-motive forces, and the resbtances to 
conduclibility presented by all the circuit taken togetlie 
latter element, which had never previously been taken i 



CUNSTKUCTION OF TELEGRAPH LINES. 289 

t, was pointed out by De la Rive, in 1825. In an important 
work, which appeared iii 18^7, M. Obm, aa a result of purely 
tluioretieal spt;uulatioii, came to tlie conclusion that the force of 
the current in a closed circuit is directly proportioual to the sum 
of the electro-motive forces that are in activity in the circoil, 
and which we will call E. nnd inversely proporlional to the total 
reaistnnce, or tlie sum of the resistances of all the parts of the 
circnil, which we will designate by R ; in other words, that the 
iotensiiy of the current, /, is equal to the sum of the resistances ; 



A law which arises immediately out of the preceding if, that, 
if we increase or diminish the resistance of any part of a cir- 
cuit, the total inlensily of the current diminishes or increases, 
all otiier circumstances remaining the same, in a proportion 
which is the same as that existing between the resistance added 
or remoTed, and the total new resistance of the entire cireuit. 

If, in the foimula I^-^, R becomes R-{-r or R — r, 



E 



E 



I becomes ./^ or i/^- ■ Calling /' the intensity in tb« 
former case, and I" the intensity in the latter, we have 

/: I> : I' = -j^ : ^ _j_ ^ ^ ^^17 — /( = 7;^= li^^r' 

whence wc deduce, 

I I—}'tI=T-.R-\-r, and I" — I : I=r . R — r; 

Bamfty, that the diminution of intensity is to (lie primitive inten- 

p6tj as the added resistance, r, is to the new total resistance, 

S -\- r ; and the increase, /" — /, is to the primitive inlensity 

as ttie suppressed resistance, r. is to the new total resistance, 



I THE TKLEGRAPH LIKES OF THE UNITED STATES. 

The first line of electric telegraiih constructed in the United 
Stales waa Iwtwceu Washington and Baltimore, in May, 1844, 
over a distance of 40 miles. It was then exteaded to Philadel- 







I 



COSSTRUCTION OF TELEGRAPH LINES. 



phia and New York, over a distance of 230 miles. It reached 
Boalon in 1845, and became tlie great liae of tlie North, Gvin 
which brancbed two others ; — one, of the length of 1,000 miles, 
from Philadelphia to Harrisburg, Lancaster, Pittsburg, Colum- 
bus, Cincinnati, Louisville, and St. Louis ; the other, of the length 
of 1,300 miles, from New York to Albany, Troy. Utica, Roch- 
eater, Buffalo, Eric, Cleveland, Chicago, and Milwaukie. 

A fourth line was constructed fiMm Buffalo to Lockport, Queens- 
town, the Lakes Ontario and Erie, the cataract of Niagara, To- 
ronto, Kingston, Montreal, Quebec, and HaUfax, over an extent 
of l,39o miles. 

Two lines were conalmctod EOuths — one from Cleveland lo 
New Orleans, by Cincinnati ; the other from Washington lo New 
Orleans, by Fredericksburg, Charleston, Savannah, and Mobile. 
The first is 1,200 miles long ; the second, 1 ,700 miles. 

The line between Washington and Baltimore is the only one 
oonatrucied under governmental patronage, the remainder having 
been projected by private enterprise, the patentee being tUlowed 
one half the stock for the me of the patent, as his share of the 
investment. The capital invested in the Morse Unes alone up to 
January I, 1850, was $400,000, exclusive of the patent-right, 
upon which Mr. Morse up lo that time had received Homs 
8 30,000. 

At a very early period in the history of the electric telegraph 
in the United States, a misunderstanding occurred between the 
Morse patentees and Mr. Henry O'Reilly, a contractor under 
them, the result of which was that rival lines were constructed 
throughout the country before tlie system had been sofBdeDtly 
developed lo be remunerative, even without such competition. 

The invention of the letter-printing telegraph by Mr. House, 
in 1841), and the introduction of the electro-chemical telegraph 
of Mr. Bain into this country, in 1849, greatly facilitated the 
constniclion of competing lines. 

The first line operating under the House patent was completed 
in March. 1849, by the New Jersey Magnetic Telegraph Com- 
pany (aince, the New York and Washington Printing Telegraph 
Company) from Philadelphia to New York City. They were 
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Lrporated hy the Legi^lnre of New Jersey, with a capital 
k of 8100,000. 
^'he Boston and New York Telegraph Companj, using the 
eamc pateni, was completed in the nutumn of the ewne yoar, and 
was followed by one from New York to Buffalo, and eubsequentl; 
to St. Louis find Chicap^ 

During the year 184D, which was very prolific in the produc- 
tion of competing lines, the Bain patent was introduced upon 
liDCB extending between New York and Boston, New York and 
Buffalo, and New York and Washington ; and in tho succeeding 
year, upon lines extending between Boston and Montreal, and 
Boston and Portland. 

In 1851, there were seven Biun lines in operation in the 
United States having over 2,000 miles of wire ; eight House lines, 
having about 3,000 miles of wire ; and sixty-seven Morse lines, 
having 20,000 railed of wire. 

In the autumn of this year, the Magnetic Telegraph Company, 
having lines extending between New York and Wa^^hinglon, and 
the Bain company having lines over the same route were con- 
Golidalcd ; and in the succeeding spring tlic Mor^e and Bain lines 
extending between New York and Boston were united under one 
company. The union of these lines was followed by that of the 
New York and Buffalo Mor^e and Bain lines, and subsequently 
by those of the Ilouse company between these points. The 
lines of the Rhode Inland Telegraph Company, extending from 
Worcester to Providence, Fall River, Taunton, New Bedford, 
Warren, and Bristol, were sold, Sfarch 1, 1853, to the New York, 
and New England Union Telegraph Company (the Morse and 
Bain united) for $ 5,000. The cost of those lines, including the 
patent, was $ 20,000. 

In the autumn of 1853, all the leading telegraph Hnes in the 
West, South, and Northwest were united iu buslne^ interesla. 
Among these are the New Orleans and Ohio line, extending 
from New Orleans to Pittsburg ; the People's line, from New 
Orleans to Louisville ; the Louisville, Cincinnati, and Pittsburg 
line ; the Western line, from Wheeling ond Pittsburg to Balti- 
more and Waahington City ; and the lines between Buffalo and 
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Clkicago, — all direct parties to (he contract securiog tlieae ar- 
rangemcuts. 

The New York and Erie Telegraph line, built by E. Cornell 
and J. J. Speed, was also united by a lease wilb the New York 
and Buffalo Moree company. 

In 1803, therefore, out of the large number of competing lines 
which had been constructed, there remiuned only ttie House lines 
between New York and Washington, and New York and Boston, 
— all the others having been coofolidaled with, or sold out to, 
rival lines. 

As a new era in the history of the electric telegraph opened 
at this period, it is perhaps worth while to look over the scanty 
data at hand, and Mc-erlain how the lines were paying. 

From the Annuul Iteportofthe Magnetic Telegraph, Company, 
extending between Washington and New York, for the year end- 
ing June, ltl32, we find that the number of messages transmitted 
during the year was 253,^07, the receipts uj>on which amounted 
lo $ 103,232.37. 

In 1847, the receipts of this company, whicli was the first 
oi^anieed in the country, were $32,810; in 1848, §52,252 ; in 
1849, S 63,367 ; in 1850, $ 61,383 ; in 1851, $ 07,737. 

In January, 1852, the Magnetic Telegraph Company became 
possessed of the wires of the Bain line, by which its facilities 
were increased and its business augmented beyond what it would 
have been without such facilities. 

Id 1848, this company paid six per cent dividend; in 1849, 
nine percent; in 1850, two per cent; in 1851, two per cent; 
in 1852, nine per cent, — upon a capital of S370,000. 

The Maine Telegraph Company constructed a line extending 
from I'ortiand to Calais, Maine, 306 miles in length, in 1848, 
which iu» proved one of the most profitable lines in the world. 
From the date of its completion until its lease to the American 
Company in 1855, it always paid a handsome dividend, generally 
twenty per cent per annum, and in 1853 the surplus earnings en- 
abled the company to purchase the lines between Portland and 
Boston, when fifly per cent in stock was divided among the 
stockholders. 
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In 1855, the company voteii to lease ihelr lines for a leno of 

I years to the Ainerii:an Telegraph Company, receiving fur rent 

I ten per (%nt per annum U|Kin the capital stock. The American 

' Telegraph Company also leased the New Brnnswiek line, extond- 

ing from Calais, Maine, to SackviUe, N. B. ; the Nonhem line,' 

extending between Boston and Burlington, Vt. ; the Troy and 

Canada Junction hne, extending between Troy anil Montreal; 

and the Sandy Hook line, extending between New York City and 

llic Highlands. They al^o purchased, in 18^5, the House lines 

extending beween Boston and New York, with a branch from 

Springfield, Mass., to Albany, N. V. 

At the commencement of the year 1860, however, they accom- 
plished II movement which has created quite a revolution in i«le- 
graphic afiajrs upon the seaboard routes. This is nothing less 
tlian the consolidatian of all the lines from Sackville, N. B> ta 
New Orleans; thereby acquiring the exclusive use of all the 
patents of the vaHous telegraphic apparatus in use. 

This company has over 25,000 miles of wire in operation, rep- 
resenting an aggregate capital of S 1,500,000. 

The officers of the American Telegrj^ph Company consist of a 
President, Treasurer, Secretary, and a board of twelve Directors. 
The administration of the affairs of the lines is entrusted to an 
Executive Committee consisting of three members of llie Board 
of Direclors. Tlie company employs twelve superintendents, four 
hundred and lifiy operators and clerks, six hundred messengen, 
and one hundred and fifty repairers. 

A most liberal and commendable spirit has been exhibited by 
ibis company towards its employes, in the payment of remunera- 
tive salaries, as well as in providing a corps of operators and 
clerks in each office sufltcient for the easy performance of its 
duties. The company is alw liberally expending large sums of 
money in rebuilding, and thoroughly insulating, its lines, so tliat 
in tlte course of a few months the lines along the Atlantic sea- 
board will rival in excellence those of any part of the world- 
It is understood that the leading telegraph companies of Amer* 
ics have entered into on arrangement for mutual protection, tlie 
object being to prevent tlie establishment of rival lines over the 
25" 
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routes occupied by llie ptvscnt companies. By this agreeraet 
each company pledges itself, in case eompeting lines o 
structed over any route alrewiy occupied, lo shore Ihe ejtpenae 
ef crushiog out such rival line, by putting the lolls upon the route 
in question at a mere nominal sum, and keeping tbem so as long 
AS the competing line ctists. 

There is no question but (hat one eompany can do the tele- 
graphic business between any points upon the same route much 
cheaper and better than iwo or more. There is a striking anal- 
ogy between the telegraph and the mail seryice, and no one will 
deny that one company can manage the postal serriee better than 
two- It is therefore unquestionably for the interest of all who 
haye occasion to use the wires, — and who has nut ? — that Ihey 
be managed by a ciipable, liberal, and high-minded company, — 
and such, we are confident, the public will find ia the American 
Company. 

It is announced in .the journals of the day, that a rival line is 
ftbout to be coustnicCed between Boston and New York ; and if 
the announcement is correct, we may shortly e]ti)ect cheap tele- 
grapliic facilities between these important points. 

Without wishing to enter into any discussiou as to the necessity 
of more telegraphic facilities in this country, we feel it our duty 
lo suggest to gcnilemcn who may feel incUned to invest their 
money in telegraphic schemes, that they may find Ihem more 
seductive than remunerative. Few of the stockholders who have 
contributed the millions of dollars expended in constructing teU 
egraph lines in this country have ever received any return for 
their investment, and we must acknowledge that Ihe cliances in 
the future are not very promising. There is one iuslilution, how- 
ever, able to construct lines of telegraph, and to moinlain tliem 
agiunsl any combinalioa which can be brought against il, namely, 
the Associated Press. This assodation pays to the various tele- 
graph companies about $ 200,000 per annum, — a sum suflicient 
to mmnlain a line of telegraph from Hiilifas to New Orleans. 
The public, therefore, need not fear an odious monopoly ; for 
whenever the existing arrangements should lead to such a re- 
Bult, the Press, having the means, will not long delay the appli- 
cation of a remedy. 



PART VIII. 



ELECTRICAL DISTUBBANCES UPON TELEGRAPH 
LINES. 



CHAPTER. XVIII. 

ATMOSPHERIC ELECTBICITY. 

Traksuibsion upon ihc electric telegraph lines is not alwaya 
) regular as could be desired, even when the wires are in 
good order and well insulated. We aball examine, in this chap- 
ler, ihe different influences wliich a0ect the operation of iLe 
apparaius. 

The electric atmosphere is the most frequent cause which de- 
tere or prevents transmbsion. During stormy we see that the 
apparatus works irregularly, interrupting the passage of strong 
^— Durrents instantaneous!}', and often produces upon the apparatus 
Hin the ofHces, betneea metallic points, bright sparks ; Ihe armar 
^^pires of the electro-magnets are drawn up with great force, and 
B^he wires and other metallic substances about Ih'e instruments 
fused. Wc observe also, but more rurely, current", which con- 
tinue for a longer or shorter time, that prevent all working. 

The theory of atmospheric electricity explains equally well all 
these phenomena; — free eleclriciiy, which la manifested during 
thunder-aiorms, lieing the cause of ihe former; and electricity of a 
lower tension, manifested during a display of the aurora-borealis, 
causing the latter. 

In order to comprehend this matter fully, before going inio the 
delaiJs of the effects upon the lines, let ua examiuQ Ihe cuuset 
And nature of almospheric electricity. 
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We must give to Franklin the credit of eatablisliing the f 
that the phenomena of liglitning, of thunder, anil of tlie c 
of lighming are duo to eleetrieity. Before him, ihe identity 
that exists between iLcae electric phenomena bad been greatly 
suspected. After having produced, for the first time, the electric 
epark, Doctor Wall immediately compared it lo claps of tliunder. 
The analogy was striking, and philosophers endeavored to estab- 
lish it by approximations more or less ingenious. But all passed 
away in reasoning, from wbieh nothing could be concluded, 
because in physics it is experiment alone wiiich must dedde- 
Franklin therefore entertained llic bold thougbt of going lo seek 
for electricity in the very boMm of the clouds. Aa Ihe question 
was only to convey a body into the region of thunder, he con- 
ceived the idea of employing the kite ; and, after some fruitless 
attempts, be succeeded in drawing from the extremity of the 
string which held the kite, that was thrust into the midst of the 
clouds, a bright spark, which was followed by several others. 

The air under a perfectly serene sky ia constantly positive, but 
this positive electricity is not imiformly distributed in tlio atmos- 
phere ; it is, it ia true, at very nearly the same intensity in a 
horizontal stratum, but stronger in the upper strata, and stronger 
still as we rise higher. At the surface of the ground the elec- 
tricity is null ; it does not begin lo be sensible in the open coun- 
try until about a yard and a half above the ground. Wh«ai 
llicre are on the surface of the ground trees, buildings, in a wonl. 
elevated bodies, the height at which ihe air begins lo give signs 
of positive electricity becomes greater. It evidently seems that 
the air and the earth are charged with contrary electricities, which 
rccoinbine continually in the lower strata of the atmosphere, cither 
directly or by the intervention of bodies placed upon tbc siiriac« 
of the ground. 

Observations, with the view of proving the annual variations 
of tlie electricity of the air, were made each day about nooa, 
and commenced in August, 1844. The results of each year per- 
fectly accord, and may be summed up in. the following man- 
ner: — Isl. Atmospheric eleclridty, cousidered in a general man- 
ner, attains its maximum in January, then decreases progressivclj 
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of intensity (^ 
lis lo Uie end of ihe year, 
of the year liave for iLeir 

that the etectriciiy in Januarv 

the month of June. 



! weather than during cloun 



until Ihe month of June, which proscntj a 
it increases during the following t 
2d. The maximum and the 
respective values GOJ" and 47°, a 
is thirteen times as energetic as it 

The diiTerence between the n 
more sensibly felt during f 
weather. During the different months, the electricity of the a 
is more powerful when the sky is serene than when it is cloudlj 
except toward the months of June and July, when the electricity 
attains a maximum, the value of which is nearly the same, ^ 
ever be the stale of the sky. 

The eleclrie intensity observed during foga has, at a i 
almost exactly the same value as that observed during si 
This value is very high, and corresponds to the mean ma 
observed for the fonner and the latter months of the year. 

A very remarkable fact, which appears from recent observation, 
is that moisture acts in a manner altogether diflerenl in the cold 
months and in the hot ones ; it increasea the electricity in the 
wiuter months, it diminishes it in the summer months. Th« ■ 
fundamental fact is, that humidity acta in two manners, the efiefil 
of which tend to oppose each other. On the one hand, it fac 
tales the escape of the electricity accumulated in the upper : 
gions of the atmosphere to Ihe stratum in which the observal 
is made ; on the other hand, it facilitates tlie escape i 
ground of the electricity which this stratum possesses : thus, t 
[he one band it increases the intensity of the electric manifest 
tions of the instrument, on the other hand it diminishes them. 

According to M. Peltier, the terrestrial glohe is completely 
negative, and inter-planetary space positive ; Ihe atmosphere 
itself has no electricity, and is only in a passive state ; so ttiat 
the effects observed are due to the relative influence of these 
two great magazines of electricity. With regard to ourselves 
without discussing for tlic present this opinion, we arc dispc 

e that the terrestrial globe possesses, at least o 
part, an excess of negative electricity, and that it is the f 
with bodies placed at ita surface i but it appears to i 
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irom Ihc various observfttiona made, ihat the Rtmosphcre tUelt is 
positively electrized : Uiis positive electricity evidently ari^ea 
from the same source as iLq negative of the globe. It is probn- 
ble Ihnt it is essentially in the aqueous vapors with wliich tlic 
atmosphere is always more or less filled that it resides, rather 
than in the partides of the uir itself; but it does not the less 
exiat in the atmosphere. 



STORMS, ANB ACCOMPASiTNG ELECTRIC PHENOMENA. 

When ihe sky is not aerene, the normal elcolric state of the dt- 
mosphcre suffers notable disturbances. The formation of a cloud 
or of a fog is always accompanied with a change of distribution 
in the electricity of the stratum of air in which this formation 
takes place. It is probable that the positive electricities with 
which each particle of vapor is charged are united in tlie globule 
formed by the reunion of several of the^e particles at the moment 
when their precipitation takes place. Tlic globules arc themselves, 
as wo know, so many small spherical balloons, in which a small 
pellicle of water serves as an envelope to the interior air ; now, it 
ia this stratum of water that possesses all the positive electricity 
which was distributed among the multitude of particles of vapor 
which have ser^'ed lowai'ds its formation. 

When a storm-cloud, and consequently one powerfully elec- 
trized, approaches the earth, it decomposes by induction the 
natural electricity of all the more or less conductive parts that 
are at the surface of the ground. Its action may be arrested 
there, if the wind brings near it another cJoud, endowed, natu- 
rally or by induction, with an electricity contrary to its own ; 
the explosion then lakes place between the two clouds, and the 
portion of lerreslriul surface whose electricity has been decom- 
posed reverts to the natural state. But it may happen, also, 
that the discharge takes place between the cloud and (he ground; 
in this case it will be the objects that are nearest to the cloud, 
among those whose natural electricity is susceptible of decompo- 
eition, which will serve to transmit this discharge, ai 
consequently, will he struck by lightning. 




ATMOSPHEBtC ELECTItlCITV. 

Wlialever may be the place where llie lighlning falls, it tcnc 
in preference towanla Uic cunilucting bodies ihal are found iherfl 
and towurds mcials. Thus lightning, in tailing upon a houg^ 
sometimes carries nway all tiie gildings thnt are found thcroi^ 
without injuring any of the inraateii; it mny traverse the metal 
rods and wires of a house without leaving any other trace of its 
pas»uge than the fusion of the wires, whilst the conducting- rods, 
being larger, have suffered no alteration ; then it may divide, atti 
traverse the barrel of a fowling-piece placed against a wall, whicl 
itself remains intact, whilst tlic stock is broken and the wal 
pierced where the end of the barrel was resting against iL £ 
suffices thnt there be masses of iron, clasps, naiL% dieseminatai 
in walls, in order that the ligiitning shall direct itself there, e 
times tearing them out, but more freiiucntly producing in Uu 
walls themselves damage more or less considerable. 

It will thus be seen, that, the clouds which ore above the tele 
graph line being electrized by positive electricity, and the earth tl 
which the wires are connected being electrized by negative eieo 
tricity, the wires serve as conductors, tlirough which the tv^ 
electricities are neutralized, and an equilibrium established. 

If the wires were lai^e enough to convey to the earth all thi 
electricity which accumulates upon them, and the different parti 
of the apparatus were also sufficiently large, there could i 
from such discharges no serious consequences beyond the tempo- 
rary interruption of the working of the line ; but aa the wires of 
the electro-mi^ets are very small, and incapable of containing a 
lai^ amount of electricity, they are always melted, or bum 
off, whenever a great discharge is permitted to reach thci 

Formerly tlie line wire was connected with llie inner 
the helices, and whenever there was a considerable dischArge a 
atmospheric electricity, the helices exploded, a 

In llie summer of II^'IC, the helicca in the telegraph office ■ 
New Uuven were exploded in this manner, and the pieces n 
thrown with great violence across the room, and struck the w. 
leaving marks which were not effaced for many years. The t 
port of the explosion was distinctly beard an eighth of a mile o 
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In Ihe summer of 1851, an almospheric discbarge came I 
tho office upon ihe ClicmiL-al line in Boston, whit-h melted a hole"" 
into iLo brass disi:, and drove the iron pen-wire into it, completely 
fastening it there as firmly as if it had been broxcd. Tlie sky 
at the lime was perfectly serene, and the discharge liad travcr^d 
the line tliirty miles, — the thunder-storm being at that distance 
from Ihe city, and having shattered seTeral poles at the precise 
time when llic discharge occurred in the olSce. There was no 
electro-magnet in the circuit in this instance, and therefore there 
was no particular injury done to any part of the apparni.iia. 

The line wires now connect with tlie outer wires of the heli- 
' ces, and whenever a discharge occurs, it generally bums off the 
small copper wire before reaching the inner part of Ihe coils, and 
they are thus ntrely ever seriously injured. 

There have been several kinda of lightning-arresters, or pa- 
ratonnertt, as the French call them, and they all serve a very 
good purpose. 

One plan is to place two large, flat surfaces of brass together 
(Fig. 8C), with a thin sheet of oiled silk, or guCtn-percba, or even 




paper, between, and to connect one piece of the brass with the line 
wire and one with the earth. The atmospheric electricity, being of 
such high tension, prefers to pass through the thin sheet of paper, 
nnd thus reach an excellent conductor to the earth, rather tliim 



ATMOSPHEmC ELECTKICITY. 301 

rough Ihe fmull wire eonJiK-lor ivlili-h hy.uU to ilie njiparalus 
(7). 




Another plan is to line a juiijl wooden box wiih sheets of tin, 
which 13 then filled wiib iron filings Tlie sheets of tin are con- 
nected with tlie eurlh ; nnd the line wire, after being covered 
with oiled eilk, is passed throngh the iron filings, Tlie atmos- 
pheric electricity is attracted by the myriads of fine points pre- 
sented by the filings, and is thua carried otf to the earth. It is 
hardly necessary to say, that the galvanic electricity is of eo low 
a tension as to require a conductor without solution of contact, 
and ia thus entirely unafiected by the flUngs or the brass plates, 
which arc not in contact. 

Another excellent plan is to wind around a brass cylinder, 
whicli is connected with the earth, n dozen feet of silk-covered 
wire of very small size ; the atmospheric electricity would paSB 
the light barrier of the silk and into tlie earth, while the galvanic 
currents would not be affected. 

We have found a. few feet of small wire, intervening between Ihe 
(tir-lines and the submarine cables, an effectual remedy agiunst 
atmospheric injury. Some have used other kinds of lightning- 
arreslers for this purpose. It is rather difficult to keep any kind 
of apparatus dry in so e:(posed a situation, and therefore for this 
purpose we give the preference to the simple coil of silk-covered 



Several other inventiona have been contrived for protect- 
ing telegraphic apparatus from the eHects of atmospheric elec- 
tricity. Among the number, we wilt mention the following, 
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wliicli U foundeil upon the rcsUlaace ihat is present^ hy alcohol 
to ihe passage of the electric currcDt. Ii consists of n cunilucior 
ia llie Tonn of nn arc placed in the in(«riur of a vessel filled with 
alcoliol ! in the middle and very near (he vertical branches of 
this conductor, and parallel lo these branches, rises a meUil rod, 
which is tootbed, as is also the plate itself, which is in the foitu 
of an arc ; this rod is lerminatcd in a point towaM the summit 
of the lire, but without touching ii, and is in communication wiili 
(be ground hy its lower extremity. In order to arrive at llin Icl- 
egrapb, the line current is obliged lo traverse the plate, wliich is 
uUo well insulated by means of the alcohol, so that ihe current 
conuot be diverted ; but as soon as atmospheric cleclricii/ uecu- 
mulates in ii, it is transmitted hy means of ^e points, or closely 
approximated teeth, to (he interior rod, and thence to llio ground. 
M. Hipp, having remarked that the induced current due lo 
the action of atmospheric electricity tends lo leap, according lo 
ila direction, from a jMiint lo a jilate, and never from a plaie to a 
plate, or from n point to a {kiiiiI, bas arranged lightning-conduc- 
tors upon the Swiss lines so that tlie discharge alivay« finds means 
to leap from a poittt to a plate, whatever be the direction in which 
it is travelling. With tliis view, be interposes in the hue wire a 
melnl plaie, traversed liy two metul points, below and very near 
lo which is a second plate c-ommnniculing with the ground, and 
furnished also with two points, likewise very near to tlic former 

These latter forms of lightning-con duel ort>, Ihe primitive idea 
of which belongs lo Stoinheil, who was ihc first to ihtnk of pla- 
cing lelt^raphic apparatus beyond the action of aimospheric elec- 
irieiiy, rest upon the principle that ibis electricity, like that which 
is developed by friciional electric mBchines, tends lo pa^ under 
ihe form of a spark by the shortest palh, even when there is an 
itisuluiing interval, provided that it be very MnatI; whilst the 
electric current that is derived from a voltaic battery re<]uires 
for its transmission a continuous circuit, and will traverse thia 
circuit even were it eevernl Imndreds of miles in length, rather 
than fi^low a shorter route that might present a slight intemip- 
lioR. This principle, which is a consequence of the difference of 
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1 that C3.hts between electridtjf produced according to the 

mer mode, nnd ihut which is produced oueording to iLc latter, 

il confirmed liy Ihe observation of Steinlieil, wlio I'ouud, before 

i bnd furnished the telegraphic Blatious with lightning-cunduc- 

re, that, when the line wire is found charged with atmospheric 

Bclricily, thb electricity leaps forth in sparks from one end to 

c other of the wire of the telegraphic apparatus, instead of fol- 

rwing all the contortions of this wire, as does the currcut whicii 

B intended for giving signals. However, this is not always the 

i, especially when the action of al]noi>pheric elirctricity upon 

the line wire is an inductive action, which produces in this wire 

AD inslanlaneouB current, the effect of which is lo cause neces- 

■arily a disturbance in the indications of the apparatus, but yet 

rvilhout producing iu them any damage or serious accidents. 



P KATUn.4L CURBEXTS. 

The electric lines are constantly traversed by feeble currents, 
independent of the instantaneous or continued currents which are 
produced by storms ; the causes of (he former are very diverse, 
and as yet little understood. 

We have found by investigation that the accumulation of elec- 
tric tension from the atmosphere, which varies each instant of the 
lay, can determine in the wires an electric movement ; the differ- 
1 of temperature at the different points of the line can 
iqually give place to a little electromotive force ; but the most 
;au8c is, without doubl, the development of electridty 

>duced by chemical action, which operates by the contact of 

dies placed in the earth to make communication between the 
Ittleries and apparatus and the («mmon reservoir. 
I In order to liave a good communication with the sun, we place 
I a damp vessel a mass of iron sufficiently large : the water 
which surrounds these electrodes conuiins always some salts, 
which produce, with the iron, chemical reactions in Buflident 
quantities lo develop an oleciric current These currents are in 
general very feeble, and without action upon the apparatus in 
which the eleetro-mugnets are used ; but wc can observe tbem hy 
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the aid of sensiLire galvanometers. Wo have had much expcri- 
eiite Willi tliese currunts, and believe ihey are manifested in cer- 
laiu ^Uuxa periodicully, but varying in feeling and intensity. 

In voleanic coiinUies lliey appear to have much greater inten- 
eily, and their origin ia wiiliont doubt different 

U|iori BUbmuriiie lines these currents are eictremely remark- 
able J tliey acquire at certjun times a great degree of energy, 
and produce upon the needle of the galvanometer singular oscil- 
lations. Some attribute them to an electric movement in the sea, 
the nature and cause of which are unknown. It is principally in 
the changes of the weather that Ihey are observed. Tliey often 



interrupt 1 

Between Calais and Dover these currents are oflen observed 
BO Strong as to deviate the tieedle of the galvanometer liaving 
forty turns of wirci 80°. The needle goes ordinarily from one 
extreme to the other ujion the graduated limb of the galvanom- 
eter, and passes by the zero ; the dui'ation of each of these oscil- 
lations is about a quarter of an hour ; they grow more feeble, 
and cease entirely in two or three hours. 

It is only alter a great number of experiments that we can de- 
termine the true cause of these phenomenal and lake from thfl { 
results facts for tlic advancement of natui'al science. d^l 

RETDRN CURRENTS. ^^1 

If we send a current of electricity througli a submarine tele- 
graphic line between two distant points, and then instantly put the 
end having the battery in connection with the earth, leaving the 
battery disconnected, we shall find the armature of the electro- 
magnet will be drawn up, and then fall bock through the action 
of a return current. These currents are of very brief dura- 
tion, but vary according to the length of the lines; — the more 
lengthy the line, the greater the length of time during which the i 
return currents continue. The duration of these currents is often 
BO short, timt the circuit of the local battery is not closed long 
enough to moke a signaL 
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CHAPTER XIX. 



TERRESTRIAL MAUXETISM. 

i^E have already spoken, In Part I. iiage 38, of the propertir 
t b possessed by magneto, of ussumiog a do terminal e Uiri^c- 
)n, under the iafluence of the terrestrial globe. We will now 
consider the force which produces Ihnt direction, and which is 
designated under the name of temstrial magnetitm. It is one 
of the modes of manife»talion of the natural sources of electrici- 
ty, since nutgnetism itself is only a particular form of electricity. 
Tlio magnetic force of our globe is manifested at its surface by 
three cbisscs of phenomena; namely, the declination of the mag- 
netized needle, iu indinalion, and the iiUemity with which the 
force acts. The declination is the angle that is formed with the 
direction of the meridian of the place by the direction of the 
magnetized needle placed upon a vertical pivoL The inclina- 
^oa ia the angle that is formed with the horizon in the magnetic 
meridian by the direction of a magnetized needle sustained by 
il« centre of gravity, around which it is able to turn freely in a 
rertieal plane. These three elements, declination, inclination, 
and intensity, vary not only from one pUiee to another, but in the 
same place, with time. They also manifest irregular and acci- 
dental variations, designated under the name of ditfurbancf», and 
the existence of which is connected wiili the presence of some 
natural phenomenon, such, in particular, as that of llie aurora 
borealis. 

It is well established thai llic forces which act upon the mag- 
netized needle emanate directly from the terrestrial globe. But 
what b this magnetism? Where does it reside? What is its 
fbrm, its distribution, its origin ? 

Gilliert thought the earih a magnet, and that it lias conse- 
quently two magnetic poles, tolerably near to its terrestrial poles. 
Ilalley, in order to explain all ibe phenomena of terrestrial mag> 
26- X 
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netism, found it necessary lo admit Uie exialence of four poles. 
Ilanslecn arrived at the game (^onclu^ion, and assigned ilie place 
lo iliese four poles. It is neeessary, under tliis liypolhesis, to 
admit tbat the cartti is traversed by two magnete, crossing each 
other in its centre, the axes of wliich form a certain angle. It is 
true lliat there exista in the eanli a magnetic oxide of iron, en- 
dowed with polarity, and Humboldt lias made some curbu3 
observaliotiB upon ihe polar magnetism of cerUiin rock^, and even 
of a mouniain; but besides our being unable to admit timt iho 
earth contains a quantity of iheae magnetic rocks sufficient lo 
constitute terrestrial magnetism, wo could not comprehend to 
what would be due the regular distribntion wliielt their magnetic 
polarity would assume. Gauss considers that the whole moss of 
the globe is magnetic, and tlmt there exist a great number of 
magnetic centres. 

Mr. Barlow, aller having demonslraled that neither tlie pres- 
ence of a single m^net, nor the arrangement of several mngnela 
in the interior of the globe, could produce the phenomena of tcr. 
restrial magnetism, considers that, on the contrary, we may very 
well account fur them by assuming, as Ampere did, electric cur- 
rtntt, circulating around the terrestrial globe in a direction 
very nearly from east to west. Ho Ims endeaixired to confirm 
this hypothesis by distributing upon the surface of a wooden 
globe a series of electric currents, arranged ra as to produce 
opon a mngnetie needle, not subject to lerresirial influence, and 
placed in divers positions, the same kind of action that the earth 
imparts to it in analogous {lositions (Fig. 88). 

De la Rive considers that the forces wliidi pro<luce terrestrial 
magnetism have their origin in the solidiHcd portion, that is, in 
the solid cnist of the terrestrial globe, which does not prevent the 
points of application of their resultants being in llie inferior of 
the globe, more or loss near lo ita centre ; and hence the idea 
of electric currents circulating in this solid envelope, and form- 
ing a solenoid more or less complicated, appears lo him most 
natural. But whence arise these currcn(«>, and what is the cause 
by which their direction is determined? In order to expla iit 
atmospheric cloclricity, a production of eleclricily is t 
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lulling from chemicnl actions wliicli lake place in llic inlerior 
c Icrrcstrial globe ; but we wiiinot ramprehend Low this de- 
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lopment of electricity should give rise to ciuTents circutaling 
I enst to west. This direction must evidently be coDneeted 
witli the movement of rotation of tlie earth, wliicii takes place 
from west to east j and consequently it is only in the esislenee 
of induced ctiirmtt, arising from a magnetic action eslerior to 
the earib, but snsceplible of being exercised upon it, that Uio 
conflrmation may be found of the hypothesis of Ampere, adopted 
by Mr. Barlow, 

Indeed, the inductive cnrrents are connected, more or less, 
according to their direction, niih the direction of the movement 
of the induced body ; and we know that on causing a body to 
rotate rnpidly on its axis, under the influence of a magnetic pole, 
we are able lo produce in it eonlinuoua induced currents. But 
where would llie inducing body be, when the terrestrial spliere 
is in <[iieaiion ? Evidently, it could only be found in the moon 
or in the sun. The moon plainly exercises an influence over the 
movements of the magnetized needle ; but this influence is very 
feeble, and nothing enables us to discover traces of magnetism or 
of (lyiiBmic clcctiicily in the moon, the masg of which, besides, is 
too small in respect to the earth for us to suppose that it can act 
upon it. It would be much more likely tfant the earth should act 
apon ibe moon. 
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It is only in iho sun that we can find a body exterior to tlie 
earth cupable of exercising upon it an inductive action. The 
sun appears to possess powerful electro-dynamic properties, for it 
ii very probitble ibal its liglit is due to cnet^tic electric current*, 
nbicli surround it, from the fuct that the electiic light, which 
phiys between two carixin points that communicate with the two 
poles of a battery, bears a stronger resemblance to it than any 

That the magnetic influence of the sun ia not a graluitous hy- 
pothesis, we tind a proof in the agreement that exists between 
the magnetic movements upon the surface of the earth, and the 
^-arioua positions of the sun in respect to the places of observation. 
Endeavors have been made to explain this agreement by an indi- 
rect aclioD of the sun. M. Aim^ attributed the diurnal variations 
of the magnetie elements to tLermo-elcclric currents, all emanating 
from the most heated point, — a point which, changing its plaee 
with the sun, must make the turn of the globe in twenly-four hours; 
so itiat, in every place on the carili, except upon the parallel in 
. which is the centre of the action, the direction and the force of 
the currents cliange througliout the day. But this hypotliesis has 
against it, independently of a general objection, the small probabil- 
ity of the existence of iheraio-elcctric currents upon the surface of 
the earth, cither on account of the imperfect conductibility of this 
surface, or on account of tlie enormous proportion of water that 
it presents, which ia not susceptible of thermo-electricity. 

Faraday attributes the magnetic variations to the magnetic 
properties of the oxygen of the almosphere, — properties which 
follow, in their degrees of force, the variations of temperature, in 
such a manner tliat heating reduces and cooling eialts them. 

Father Secchi concludes from all the phases whicli the varia- 
tion of declination undergoes, tliat l/ie iim acU tiptm the magntlKed 
needle a* if it were iUelf a large magnet, placed lU a great distance 
from the eartli, and having its polet of tlie lame name as those of 
the ear/A turned to the same side of Oie heavens. But in order 
to recognize the accuracy of these laws, regard must be had 1o 
the inverse action which the needle undergoes on the part of the 
BUn in the twenty-four hours, by the effect of the TOtalion of the 
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:h, the front of ilio iiecdli: tliat fiicos ihc eun being ditTi^renl al 
|[w>on nrxl nt miduighi, und tbe earth being intcrjxMed at the sec- 
ond epoch. 

There are, however, other causes whieli affyet the magnetized 
needle. M. Arago observed, on Febniary 19, 1822, nn exlnioi^ 
dinary agilolioa in the needle of diurnal vaiialions, ond there was 
at the same moment a strong earthi^uake in Auvergiie, at LycKis, 
nnd in Switzt^rlond. Mr. Gray likewise observed in Vuldivia, on 
tlie western coast of South America, a very remarkable disturb- 
tace in the magnetized needle at the period of a Icmble earth- 
l)iiake which took plnce in tlime latitudes in February, 163&. 
But among nil natural phenomena, there la one whose connection 
with terrestrial magnetism ia so well established that we tinve, in 
which the magnetixed needle euHers, u proof of ita 
presence, namely, the aurora borculis. 

TIIE ArnOItA BOREALIS. 

The aurora horealis, or rather the polar aurora, — for there 
« aurorte australes as well as nurorsc borealcs, — has been an 
object of wonder and admiration from time immemorial. 

Fliny and Aristotle record phenomena identicnl with those 
which later times have witiie^^cd. Tlic ancients ranked this with 
Other celestial phenomena, as portending great events. 

In a Bible imprinted at London in the year 1^99, the 22d verse 
«f the 37lli chapter of Job reads tliuj : - The brightness oommetb 
It of the Northe, llie praise to God which is terrible." The 
riterof theBookof Job was very conversant with natural objects, 
id may have referred to the aurora borealis and the phenomeoa 

lediately connected therewith. 

In 1560, we arc told, it was seen at JxmAtm in the shape of 

iming spears, a similitude which wouhl trc no lees appmjiriate 

iw than then. Frciinent dispLiys ore recorded during the filleen 

years fallowing that duie. During tlie latter half of the seventeenth 

century, the phenomena were frequently visible, oftentimes being 

characteriEed by remarkable brilliancy. Afler 1745, the displays 

suddenly diminished, and were but rarely seen fur the next ninQ 



810 IILECTKICAL DISTL'RDAMCES ON TKLKGIUPII LINKS. ^M 

^ears. Tlie present cetituiy lins been faTorcd to n remaHcable 
degree. The displays during the years 18!lo, '30, '37, '4G, '48, 
'51, '52, and '59, liave been esjicdally grand. 

What is the origin of these remarkable phenomena? The an- 
cients askeil the question, and the modems reply by repealing iu 
Before proceeding to describe the magnificent auroral displays of 
August 28ih and September 2d, lei us examine authorities upon 
tliis subject, and see if we cauiiot arrive at some satisfactory solu- 
tion of the phenomena. The following is the description given by 
UuiobolJt in " Cosmos " : — 

" An aurora borealis is always preceded by the formation in the 
horizon of a sort of nebulous Tcil, which slowly ascends to a height 
of 4°, C, 8', and even to 10°. It is towards the magnetic meridian 
of the place tliat the eky, at first pure, begins to gel brownish- 
Through this oliEcure segment, the color of which passes from 
brown to violet, the stars are seen, as through a thick fog. A 
wider arc, but one of brilliant light, at first white, then yellow, 
bounds liic dark segment. Sometimes the luminous arc uppears 
agitated, for hours li^ether, by a sort of effervescenee, luid by a 
continuous change of form, before tlie rising of the rays and col- 
umns of light, wliich ascend as far as the ieuitii. The more in- 
tense the emission of the polar light, the more vivid are its colors, 
which, from violet and bluish-white, pass through all the interme- 
diate ehades of green and purple-red. Sometimes tlie columns of 
light appear to come out of the brilliant arc mingled with blackish 
rays, resembling a thick smoke; sometimes they rise simultane- 
ously from difii^rent points of the horiEon, and unite themselves 
into a sea of flamc^ the magnificence of which no painting couU 
express ; for, at each instant, rapid undulations cause their form 
and brilliancy to vary. Motion appears to increase the visibilitjr 
of the phenomena. Around the point in the heaven which coi^ 
responds lo the direction of the dipping-needle produced, the rays 
appear to meet and form the boreal corona. It is seldom that the 
appeanmce is so complete, and is prolonged to the formation of 
the corona ; but when the latter appears, it always announces the 
end of the ]ibenomcnon. The rays then become more rare, shorter, 
and less vividly colored. Soon nothing further i^ seen 
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oelcBtial vauU ihan wiilc, molionlesa nubulous spots, pale, or ofao 
I uhj color ; they have already (lisaji|ieared, wben iho tracea of 
I Ibe dark segment whence tlie appearance originated Gtill remain 
o the horizon." 
Dr. P. Moultoti,of Kcw Rochelle, N. Y^ communicatca the fol- 
I) lowing description of a remarkable aurora borcalis observed by 
I Jum: — 

"In one of my evening rides, about tliirty year3 ago, I wit- 
nessed u remarkable display of the aurora borenlis in a cloudless 
cky while the moon was below the horizon. When I first look 
t notice of the aurora, before it was dark, and while the evening 
I riiade was growing ditrker, I saw a veil in the north, with a 
I innge of light forming an arc, as described by Humboldt in 
♦Cosmos,' which obscured the stars beyond iL Rajs or columns 
of Ught of eijual length and breadth were seen moving with great 
regularity, and at first prelly rapidly, from northeast to north- 
vest. They did not, as usual, shoot up from (he edge of the daric 
veil. Their bases appeared to louch the arc, and as ihcy moved 
between me and the stars, which were visible beyond these trans- 
|)arent stripes, they appeared to me to form a part of eome vast 
' Dftehine, or an immense wheel who^c axis might be sup[K>sed to 
nt the point where I was obsen'ing tliem, and connected with 
' tbem by invisible arms radiating from iL These luminous 
1 stripes, for ihey were not like radii divei^ng from ihe centre of 
ircle, appeared, as I said before, to belong to a vast wheel 
revolving in the heavens ; and at this stage of the exhibition or 
display the scene would appear, to an untrained and enpcrUi- 
tious observer, awful and terrific, though nothing was preseotod 
view but grandeur, order, and leauly. 

" These luminous sirii>e3 (or rays, if you prefer that term) pre- 

L lerved their parallelism as they ascended from the north ; and if 

i Boppo^ the axis to be inclined more and more to the south, 

and the stripes of light to continue parallel to the imitginary axis 

till it became horizontal, they would represent an arch which 

would span the heavens from east to west 

" I would remark here, that the stripes were longpsi when I first 
Mw them, extending through u space of 40° iu height, aud tliat 
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they moved from the point where [hey first Ecemcd to bo formed, 
in the noitliensi, la the northweal. SO" distant, wtiere n column of 
light appeared vUich was motionless, and wliiuh appeared lo me 
to be formed by the nccumutalion of the atripca or rays. The 
spoees between the rays were wider than they wpre wlion I first 
saw them : but the spaces became narrower, and tlie rays or 
colunma broader and shorter, as they ascended from the sensible 
Iiorizon, and their motion, as of a revolving wheel, became grad- 
ually slower, till it ceased or was imperceptible. 

■■ An hour after I Arst noticed the veil and rays, I went into a 
house to vii^it a patient, and when I came out, half an liour laler, 
instead of rays I saw luminous clouds, not like cirri, but what 
might be called strato-nimbi, which were in a regulor series, ex- 
tending from east to west like an arch. I regret having failed 
to watch tlie phenomena from first lo last, na I nm much in- 
clined lo believe that lliese slralo-nimbi were the rays trans- 
formcd. When I last saw ihcm, they retained their relative 
position in regard to each other and lo the imaginary axis, and 
ihcy were progressing towards llie south, as if ihe southern ex- 
tremity of the axis dipped below, while the northern rose above, 
the horizon." 

The connection that seems lo exist, says De la Rive, between 
the polar light and the appearance of a certain species of clouds, 
is confirmed by all observers ; all have affirmed that the polar 
light emitted its most briUiant rays when the higli regions of tha 
air contained heaps of cirri, — straia of sufficient tenuity and 
lightness to cause a corona to arise around the light. Sometimes 
these clouds are grouped and arranged almost like the rays of an 
aurora boreatis ; they then appear to disturb the magnelieed 
needle. Father Sccchi has remarked, that magnetic disturbances 
are manifested at Rome whilst the sky is veiled with clouds that 
are slightly phosphorescent, which, at night, present tlie iippcar- 
ance of feeble aurone boreales. 

After a brilliant aurora borealis, we have been able lo recog- 
nize, on the following morning, trains uf clouds, which during 
the night had apjKMircd as so many luminous rays. 

Tlie absolute height uf aui'ora; boreales has been very variously 
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estimated by different observers. It has long been thought iltei ' 
we might delermine it by regarding, from two places widely dia- 
tonl from each other, l1ie same part of the aurora, — the corona, 
for example. But we have started from a very inaccurate as- 
sumption, namely, that ibe two obsenere had their eyes directed 
to the Kame poiRt at the f^ame lime, — whilst it is now well proved 
that the corona id an effect of perspeelive, due to the apparent ' 
convergence of the parallel rays situated in I he magnetic me rid ia' 
BO that each observer »ces \m own aurora borealis, as each se 
bis own rainbow. The aspect of the phenomenon depends also | 
Upon the posiiions of the observers. The scat of the aun 
borealis is in the upper regions of the atmosphere ; thougli son 
limes it apj)car^ to be produced in ihe less elcvateil regions whera I 
the clouds arc formed. This, at least, is what follows from bo: 
observations, especially from those of Captain Fninktin, who s 
an aurora borcalis the light of which appeared to him lu illumi' i 
nalo the lower surface of a stratum of clouds ; whiUl somA J 
twenty-five miles farther on, Mr. Kendal, who had watched Ihft 
whole of ihe night without losing sight of the sky for a single 
momcnl, did not perceive any Irace of light, Caplaiu Parry 
saw an aurora borcalis display itself against the side of a mounr 
tain ; and wc arc assured that a luminous ring lias somciimea j 
been perceived upon the very surface of the sea, around the ] 
magnetic pole. Lieutenant Hood and Dr. Richardson, being I 
placed at the distance of about foriy-flve miles from each olhei; I 
in order to make simultaneous olisen' aliens, whence they might* 1 
deduce the parallax of the phenomenon, and consequently !tt' j 
height, were led to the conclusion that ihu aurora borealis had.' | 
not a greater elevation than five miles. M. Liai^, Imring had tha I 
opportunity of applying a method, which he hud devised foe I 
measuring the height of aurowe faorcnlcs, to an aurora seen at j 
Cherlxiurg, Otrtober 31, 1853, found that the arc of the aurora | 
WAS about two and a half miles above the ground, at its lower 
edge. 

Various observations made by Professor Olmsted, in conjuno- I 
tion with Professor Twining, of New Haven, led him, on tlia j 
contrary, to fii the elevation on different occasions ut foriy-iwo, 1 
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one hundred, and one hundrej and Bixty miles. He claims that 
it is rarely leas than seventy miles from ihc eortli, and never 
more than one hundred and sixty. He nl^ claims dial il^ origin 
ia cosmical, — or, in other worda, that llie earth, in revolving in 
its orbit, at eerlain periods pa^es tlirougU a nebulous body, which 
evolves this strange light in more or leas brilliancy, as the body 
ii larger or smaller. To support this theory, he attempted to 
establish that there were fixed i^poebs for its display in the high- 
est degree of brilliancy. The length of these periods was from 
sixty to seventy years, and tlie next appearance was to be in 
1890. The remarkable displays of August 28th and September 
Sd show the fallacy of liis conclusions in this rcspecL 

Mainin and Dalton liad also tliought that the aurora borealis 
was n cosmical, and not on atmospheric pbeaomcnon. Biit M. 
Biot, who had himself had an Dp[>ortuniiy of observing the aurora 
in the Shetland Isles in 1817, had already been led to reeognize 
it as an atmospheric phenomenon, by the consideration that the 
arcs and the eoronoi of the aurora in no way participate in the 
apparent motion of the stars fi-om cast to west, — a proof that 
they are drawn along by the rotation of the earth. Hence, almost 
all obseritTs have arrived at tlie same conclusions; we will in 
parlicular cilu MM. Loltin and Bravais, who have observed more 
than a hundri^d and forty aurorae boreales. It is therefore now 
clearly proved that the aurora boreaUa is not an extra-atmospheric 
phenumcnoa. To the proofs drawn from the apjiearance of the 
phenomenon itself we may add others deduced from certain cflects 
which accompany it, ^uoh as the noise of crepitation, which tlic 
dwellers nearest to the pole affirm tliat they Lave heard when 
there is the appearance of on aurora, and the sulphurous odor that 
oecom^ianies it. Finally, if the phenomena took place beyond our 
planet and its atmosphere, why should they take place at the po- 
lar regions only, as they often do? 

J. S. Winn, in a letter to Dr. Franklin, dated Spithead, Augu.it 
12, 1772, Bays : " The observation is new, I believe, that the au- 
rora borealis is constantly Euccecded by hard souiLerly or south- 
west winds, attended with hazy weather and small rain. I think 
I am warruuted fi-om L-xj)crieuce in saying conslaatli/, for in liventy- 
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e infltancea that Iistc occurred aince I firal made the obacrva- 
it had iDTariuljly ubtaiueU ; unit tUe kuowliMjge lias been of 
service to me, aa I liave gut out of tbe Chuanel when other 
OS alert, and in faster ship», but uDajipri^ of this circum- 
ce, have not only been drivea baek, but H'ith dithculty cscuped 
fabipwreck." 

Colonel Jiitnes Capper, tbe discoverer of the circular nature of 
Uornu, remarks: "As it appearg that, on all such occasions, the 
current of lur comes in a direction diametrically opposite to that 
where the meteor appeura, it suems probable that the aurora 
boreslis U cauM<d by Uie ascent of a couaideruble quantity of 
fluid in the superior regions of tlie atmosphere lu the 
>nh and norlbeaal, where, consequently, it causes a body of air 
tlie earth to ascend, when anoiher current of air will rusli 
from the oppo'^ite point tu fill up the vacuum, and thus may pn>- 
ducc the southerly gales which succeed ihe aurora borealb," 

The bnrk " Northern Light," arrived at Boston from Africa, 
was at sea on the night of the great exhibition of the aurora 
borealis, the 28th of August. The vessel waa struck by light- 
ning twice, after which the red flames of the aurora burst upon 
the astonished vision of the crew. SJosl of tbem are coniident 
lot ihey smelt a sulphurous odor all night. 
M. de Tessan, who, in the voyage of the " Venus" around the 
*orId, had tbe opportunity of seeing a very beautiful aurora 
ttralis, which he describes with much care, also considers 
lat this phenomenon takes ]ilaco in the alraosjihere. The sum- 
nit of the aurora being in the magnetic meridian, it was ele- 
vated 1 4° above the horizon, and tlie centre of tlie arc was on 
Ihe prolongation of the dipping-needle, the dip being about 
68° at the place of the observation. M. de Tessan did not hear 
the noise ari.iing from the aurora, which he oltribules to tlie 
cireumstance that he was too fur distant from tbe place of the 
phenomenon; but he reports the observation of a distinguished 
officer of the French navy. M. Verdier, who, on the night of Oc- 
tober 13th, IIHID, being in the latitude of Newfoundland, had 
lieard very distinctly a sort of crackling or crepilntifin, when the 
Id on board of wai iu the midst of an aururu iMirculis. 



flig ELEOTBIOAL DISTDBBAKCES OK TBlfOSAPH UHES. 

This was also observed in many loc&litiea duria* ihe nitrora4 
August 28tli, 18ij9. A New York [laper, alluding to [lie subjee^ 
reniarka : " Many imagined [hat thoy heard rushing sounds, as if 
JEolus had let loose the wiuds ; ollierH were confident that a 
Bweepiiig, as if of Hames, was distinctly audible." Burns, a good 
observer, if ever [here was one, and not likely to be aware of any 
theories on the eubjoct, alludes iu his " Vision" lo a noiae accom- 
panying the aurora, as if it were of ordinary occurrence: — .^ 

" The cauld blue Korth wns flushing {itnh ^^| 

Hit lij-liCE wi' hiding eeao din." ^^M 

It finds confirmation also in the faet, generally admitted by the 
iuhabiiants of the northern regions, thai, when the aurone appear 
low, a crackling is heard similar to lliat of the electric spark. 
The Greenlandcrs think that the souls of the dead are then strik- 
ing i^ainst each other in Ihe air. M. Ramm, Inspector of For- 
ests in Norway, wrote to M. llanstecn, in 182.5, that he had 
heard the noise, which always coincided with the ap|>eanuice of 
the luminous jels, when, being only ten years old, he was cross- 
ing a meadow covered with snow and hoar-frost, near which no 
forests were in existence. Dr. Gialer, who for a long time dwelt 
in the North of Sweden, remarks that the matter of the aurorsa 
borealis sometimes descends so low that it touches the ground; 
at the summit of high mountains it produces upon the faces of 
travellers an effect iinalt^us to that of the wind. Dr. Gisler 
adds, that he has frequently heard the noise of the aurora, and 
that it resembles that of a strong wind, or the hissing that certain 
chemical substances produce in the act of decomposition. 

M. Necker, who has described a great number of aurora: which 
he observed at the end of 1839 and at the comraencemeni of 
1840, in the Isle of Rkye, never himself heard the noise in ques- 
tion ; but he remains that this noise had been very frequently 
heard by persons eliBrged with meteorolt^cal observations at the 
lighthouse of Sumburgh Head, at the soulbera extremity of 
Shelhmd. M. Neckir is not the only observer who has not 
heard the noise; ncitlier have MM. Lolticr and Bravais, wh(L 
have observed fo great a number of aurone, ever heard it; 
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a great manj others arc in this case. TIiIk may be due to the 
fiict that it is newissary 1o be very near to llie aurora in order to 
hear the crepitation in question, and ako to ihe lact that it ia 
possible that it does not always take place, at least in a maimer 
eullicieully powerful to be heard. 

Wg have ju5l been pointing out, aa concomiinnt effects of tlifl 
aurora boreal!^, a noiac of crepilalion analogous to that of distant 
discharges, and a sulphurous odor similar lo that which accoropa- 
nies llie fall of lightning. M. Klattcucci also observed at Pisa, 
during ihe appearance of a brilliant aurora borealia, decided signs 
of positive electricity in the air; but of oil phenomena, thosa 
which invariably take place at the eame time aa the appearance 
of the aurora borealis are the magnetic efiecls. Magnetized 
needles suffer disturbances in iheir normal direction which causa 
them to deviate generally to the west first, aAerwords to the cast. 
These disturbances vary in intensity, but they never fail In lake 
place, and are manifested even in places in which the aurora 
borealis is not visible. This coincidence, proved by M. Arago 
without any exception, during several years of observation, is 
BUcli, that the learned Frenchman was able, without ever having 
been mistaken, to delect from the bollom of the cellars of the 
Observatory of Paris the appearance of an aurora borealia. M. 
Mattcucci had the opportunity of observing this magnetic influ- 
ence under a new and remarkable form. He saw, during thft 
appearance of the aurora borealis of November 17, 1848, tho 
Bofl iron armatures employed in the electric telegraph between 
Florence and Piaa remain aiiached to iheir electro-magnets, aa i£ J 
the latter were powerfully magncliKcd, without, however, the ap- 
paratus being in action, and without the currents in the battery 
being set in action. This singular effect ceases with the aurora, 
and the telegraph, as well as the batteries, could operate anew, 
without having suffered any alteration. Mr. Highlon also ol)- 
aerved tn England a very decided action of the aurora borealis, 
' Ifovember 17, 1848. The magnetized needle was always driven 
toward the same side, even with much force. But it 
own country Hint the action of tlie aurom upon the tclcgraph- 
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Our nttention was tir»t c«lletl in 1847 to llie jirolHibility of Uie 
aurora's producing an effect upon the wirea ; but, .tltliuiigli Imving 
an excellent opportunity to observe Bueh an effect, we were not 
forlunate enough to do so until ihe winter of 1850, anil tlien, ow- 
ing to the feeble Jisplays of tlie aurora, only to a limited extent. 
In Sciitember, 18J1, however, there van a remarkublo aurora, 
whieli took complete posseaiiioii of all Ihe telegraph lines in New 
England, and prevented any business from being inuisaeted dur- 
ing its eontinuanee. The following winter there wus another re- 
markable display, which oecurred on iho 19ih of Febniiiry, 1852. 
It was exceedingly brilliant throughout tlio northern i>ortion of 
our continent. We esiract the following ucuount of its effects 
upon the wires from our journal of that date. We should pre- 
mise, that the system of telegraphing used upon Ihe wires, during 
the observation of February, 1852, was Bain's cbeinicaL No 
batteries were kept constantly upon the line, as in tlie Morse aai 
other magnetic systems. The main wire was connected directly 
with the chemically prepared paper on the dijc, go Ibut any 
atmospheric currenls were reeonlcd wilb the greiilcat accura(y< 
Our usual battery current, decomposing the »nlt3 in the papa; 
and uniting with the iron [xiint of the pen-wire, Icfl a light blue 
mark on the white pnper, or, if ibo current were strong, a daiic 
one, — the color of the mark depending upou tiic quantity of tiia 
current upon the wire. 

"Thundnv, Fcbniat7 IB, 186). 

" Towards evening a heavy blue line appeared upon tlic paper, 
whicli gradually increased in size for tlie space of half a minute, 
when n flame of (ire succeeded to ibe blue line, of suflicicnt in- 
tensity to bum through a dozen tliicknesscs of the moistened 
paper. The current then subsided as gradually as it bad oome 
on, until it entirely ceased, and was then succeeded by a negative 
current (which bleaches, instead of coloring, tlie paper). This 
gradually increased, in the same manner as the positive current, 
until it also, in turn, proiluced its flame of fire, ami burned 
tlitough many thicknesses of the prepared paper ; it then sub- 
sided, again to be followed by tbc [>Dsitive current Tins slate 
of things continued during the entire evening, and effectually 
prevented any business being done over tbe wItim," 
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Xerer, bowevcr, since itio csiablishment of llie telegraphic 
this country, have Ihe wir«s been bo grt^Rtly atfc-cted 
ora as upon Sunday niglil, tlie 28th of Augu)<l, 18J9. 
Throughout the entire nortliem portion of the Uniled Slutea and 
Canadn the lines were rendered useless for all business pur- 
poses through its action. So strongly was the ainiosphere eharged 
wiih the eleetric fluid, ihot lines or circuits of only twelve miles 
in length were so seriously affected by it as to render openuion 
difficult, and at times impossible. 

The effects of lliis magnetic storm were apparent upon the 
wires during a considerable portion of Sntnrday evening, and 
whole of llie next day. At six P. M. the line be- 
tween Boston and New Bedford (siiiy miles in length) could be 
vorked only at intervals, although, of course, no signs of llie 
•nrora were apparent lo the eye at Ihot hour. The same was 
tnte of the wires running eastwiirii through the State of Maine, 
aa well as tliose to Ihe north. 

The wire between Boston and Fall River hud no hallery upon 
it Sunday, and yet there was an artificial current U|ion ii, which 
increased and decreased in intensity, pnxlucing upon the electro- 
magnets in the offices the same effect as would be pnxlueed by 
constantly ojwning and closing the circuit at intervals of half a 
minute. This current, which earae from the aurora, was strong 
enough to have worked tlie line, although not sufSciently steady 
Sat regular use. 

The current from the aurora Iwrealis comes in waves, — light 

first, then stronger, until we have frefjueutly a strength of 

irrent equal to that produeed by a battery of two hundred 
[£rove cups. The waves occupy about iifleen seconds each, onli- 

ily. but we have known them to last a full minute ; though 
As soon as one wave passes, another, of the re- 
iverse polarity, always succeeds. We have never known this 10 
&il, and it may be set down as an invariable rule. When the 
poles of the aurora arc in unison with the poles of the current 
upon the line, its effect is to increase the current ; but when tliey 
ere opposed, the current from the battery is neutralised, — null. 
These effects were observed at times during Satunlay, Saturday 
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evening, and Sundaj, but were very marked during Sunday 
evening. 

It ia liardly neccssarj to add here, that the effect of the aurora 
borculis, or magnetic etorm, is totally unlike tliat of common or 
free electricity, wiih which the atmosphere is charged during a 
thunder-storm. The electrieily evolved during a tliunder-slorm, 
as soon as it reaches a condticlor, explodes wiiU a epark, and be- 
comca at once dissi|>ated. The other, on the contrai-y, is of very 
low tension, remains upon the wires sometimes lialf a minute, 
produces raagnelisro, decomposes chemicnlti, dt-flecla tiie needle, 
and is capable of being used for telegraphic purposes, although, 
of course, imperfectly. 

Mr. O, S. Wood, Superintendent of the Canadian telegraph 
lines, says ; '■ I never, in my experience of fifteen years in the 
working of telegraph lines, witnessed anything like llie extraor- 
dinary eflect of the aurora borealis, between Quebec and Father's 
Point, last night. The line was in most perfect order, and well- 
Bkilled operalors worked incessantly from eight o'clock last even- 
ing till one o'clock this morning, to get over, in ercn a tolerably 
intelligible form, about four hundred words of the steamer In- 
dian's report for the press ; but at the latter hour, so completely 
were the wires under the influence of the aurora Iwrealis, that 
it was found utterly impossible to communicate between the tele- 
graph stations, and the line was closed for the night." 

We have seen from the foregoing examples that the aurora 
borcalis produces remarkable effects upoa the telegraph lines 
during its entire manifestation. We have, however, to record 
yet more wonderful effects of the aurora upon the wires ; namely, 
(he use of the auroral evrrent for trammitting and reMimnff lele- 
graphic dftpalches. This almost incredible feat was accomplished 
in the forenoon of September 2, between the hours of half past 
eight and eleven o'clock, on the wires of tlic American Telegraph 
Company between Itostoa and Portland, upon the wires of the 
Old C«Iouy and Fall River Railroad Company between South 
Braintrec and Fall River, and upon other liucs in various purls 
of the country. 

The auroral influence was obsen'ed upon all the lines running 
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ml of the office tn Boston nt the hour of coratnencing business 
(eiglil o'clock, A, M.), and it continued so strong up lo lialf [>ast 
iglit as to prevent any bujdincsit being dune ; the onlinnry cur- 
rent upon the wires being at times neutralized by the magnetism 
of the auroi^ and at other times so greatly augmented as to ren- 
der o|>emtions impracticable. At this juncture it was suggested 
that the batteries should bo cut oS, and the wires simply con- 
nected with the earth. 

It is proper to remark here, that, the current from the aurora 
coming in waves of greater or leas intensity, there are times, 
both while the wave is approaching and while it is receding, 
when the instruments are enabled lo work; but the time, vary- 
ing according lo the rapidity of the vibrations of the auroral 
bands, is only from a quarter of a minute lo one minute in du- 
ration. Therefore, whatever business is done upon the wires 
during the-ie displays has to be accomplished in brief intervals of 
from a quarter to half a minute in duration. 

During one of these intervals, the Boston operator said to the 
one at Pjirtland : " Please cut off your battery, and let us see if 
we cannot work with the auroral cnrrent alone." 

The Portland operator replied : " I will do so. Will you do 
the same ? " 

" I have already done so," was the answer. " We are working 
with the aid of the aurora alone. How do you receive my 
writing ? " 

" Veiy well indeed," responds the operator at Portland ; " mach 
better than when the batteries were on ; the current is steAdier ' 
and more reliable. Suppose we continue to work so until the 
aurora subsides ? " 

Agreed," replied the Boston operator. " Are you ready for 

ness?" 

Yes ! go ahead," was the answer. 

The Boston operator, ilr. Milliken, then eommencol sending 
private despalcfaes, wlucb he was able to do much more satisfac- 
torily than when the batteries were on, although, of course, not 
o well as he could have done wiili his own batteries without 
celestial assistance. 
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The line was worked in (liia manner more than two hours, 
when, the aurora liaving eubsidcd, the batteries were fcsunicd. 
While this remarkable phenomenon was taking place upon ihe 
wires between Boston and Portland, the operator at South Brain- 
tree informed us that he was working the wire between that station 
and Fall River — a distance of about forty miles — with the cur- 
rent Irom the aurora alone. He continued lo do so for some 
time, the line working comparatively welL Since then we have 
1,-isited Fall River, and have the following account from the intel- 
ligent openitur iti the railroad ofliee at that place. The olEce at 
the station is about half a roile from the regular office in the vil- 
lage. The battery ia kept at the latter place, but the operator at 
the station is provided with a switch, by which he can throw the 
battery olf the line and put the wire in connection with the eartli 
at pleasure. The battery at the other terminus of the line is at 
Brntoii ; but the operator at South Braintrcc is furnished with a 
similar switch, which enables him to dispense with its use at 
pleasure. Tliere are no intermediate batteries j consefiuenily, if 
the FoU River operator put his end of the wire in connection 
with the earth, and llie South Braintree operator do tlic same, 
ihe line is without battery, and of course without an electrical 
current. Such was the slate of the line on the 2d of September, 
1850, when for more than an hour they held communication over 
llie wire with the aid of the celestial batteries alone. 

We extract the following communications, on the influence of 
the aurora borealia upon the electric telegraph-wires, from the 
American Journal of Science, for January, 1860 ; — 

Obaervalions made at While River Junction, Vt., communicated by 
J. II. NoRRis, Telegraph SuperirUendetit, 
During the forenoon of September 2d, an unusual current of 
varying intutiHity was present most of the lime on the wii-es of the 
Vermont aud Boston telegraph. The jiolarity of this current ap- 
peared to change frequently, sometimes being opposite lo, and 
nearly or quite neutralizing, the battery current when an attempt 
was made to use the line ; at other times much increasing the 
force of llie batUTy current. The auroral current produced the 
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same marks upon our chemi<:nl paper (wc use the Boia or cbcini> 
cal sysiem of lelugraph) as those produced hj (he use of the bat- 
tery. Signals and messages were transmitted betn'eea Boston 
heslcr bi/ the lote tue of the auroral current. 

Observations made at Spnngftld, Mali., hy 3. E. Selden, 
On the evening of August 28th, upon the Boston and New 
York circuit, at one moment there was u very heavy i-uri^nt oA 
(he wire, nod the nest none at all. On tlic Albimy and Spring*- 
field circuit, o. flash passed across from the break-key of the tele- 
graph apparatus to the iron frame, the flame of which was about 
half the size of an ordinary jet of gas. It was accompanied by A 
humming sound, similar to a heavy current passing belwecn lW9 
metal pointa abnoat in contact. The heat was sufficient to cause 
the smell of scorched wood and paint to be plainly perceptible. 

Ohservationt made at Aew Tork by J. C. Crosson, Tel^ -• 
ffraph Opfralor. 
On the evening of August 28lh, at 7^ o'clock, I experienced 
considerable difficulty in working, on account of the variation of 
current I could work south by constantly altering the ai^ustment 
of my magnets, but the magnetism on the eastern circuit was sO 
nearly destroyed that I could do nothing. About ten o'clock I 
could see nothing of the aurora in the southern hemisphere, y^ 
the same variations of current were manifest upon the line for an 
hour afterward. There was during this time a very strong turn- 
ing current from the cast, which resembled a reversed current so 
much that I disconnected my battery and put on a " ground," but I 
could not then get magnetism sufficient to work a simple armaturb 
At 12''- 30"' the current from the east assumed a new feature, pro- 
ducing enough magnetism to work quite well, yet wavering and 
varying in intensity. 

Observations made at Philadelp/iia, communicated by II. Emmoks 

TilATEH, Telegraph Superintendent. 

On the evening of August 28th, about 6 o'clock, we lost current 

on oil our four wires ninning from Philadelphia to New York, 
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and we had strong circuit, &a if from n near grountl c 
but there was no iiiteiruption on wires running south to Bultimoru 
and Washington. At 'J'' lO™' the wires were relieved to a groal 
extent from the influence of the aurora, giving us our usual worL- 
ing current. 

On testing wires at 8 o'clock on the morning of September 2d, 
Z found two of our wires, those running via Camden and Amboy 
to New York, strong]}' under the infiuence of an aurora. The 
effect was different from that of August 2dlh, There was an in- 
tensity of current which gave a levere shock when testing, giving 
a reversed current, neutralising our batteries, and destroying mag- 
netism. On removing the batteries we had a very strong circuit, 
.giving powerful magnetism, but could not raise New York. On 
the line nmning from this ciiy to Pittsburg, the operator, Mr. 
Steacy, succeeded in transmitting a businew message to Pills- 
burg w/ioffy on tliE auroral cvTrent. The current was chnngeable, 
suddenly disappearing and reluming at intervals of from five to 
ten minutes. The signals were distinct, and the conversation 
lasted four or five minutes, the operators exchanging remarks as 
to the singularity of tlie plicnomeuon. At A. M. all the wires 
were relieved trom the effects of the aurora, and worked well ttt^ 

Obifrvationi made at Wathinffioyt, D. C, by Fhedf.kick W. 
ROTCE, Tele(/raph Operator. 
On the evening of August 28th I had great difficulty In work- 
ing the line to Richmond, Va. It seemed as if there was a storm 
at Richmond. I therefore abandoned that wire, and tried to work 
Ihe northern wire, but met with the same difficulty. For five or 
ten minutes I would have no trouble ; then the current would 
change, and become so weak that it could hardly be fciL It 
would then gradually change to a " ground " BO strong that I coidd 
not lift the magnet. The aurora disappeared at a little after ten 
o'clock, after which wc had no difliculty. During the auroral dis- 
play, I was calling Richmond, and had one hand on the iron plate. 
Happening to lean towards the sounder, which is against the wall, 
lay forehead gnuod a ground wire. Immediately I received a 
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very ttmre eleelric ihock, vihieh stunned ma for an instant An 
old man who was silling facing me, and l>ut a few feet distant, 
ttaid that he saw a ipark o/Jire jump from my forehead to the 
rounder. 

Obtervations made at PitUhurg, Pa,, comtnvnicated by E. W. 
GcLGAN, TeUffrajth Manager. 

During the aurora of August 28th, ihe intcnsiiy of the current 
evolved from it varied very much, being at times no stronger than 

ordinary battery, and then, suddenly changing the poles of thg 
iBBgncts, it would sweep through tliem, churging them to their 
lost capacity, and compelling a cessation of work while it con- 
tinued. 

On the morning of September 2d, at my request, the Philadel- 
phia o))erBtor detached his battery, mine being already off. We 
then worked with each other at intervals aa long as the auroral 
current continued, which varied from thirty to ninety Beconda. 
'During these working intervals we exchanged messages with 
touch satisfaction, and tct worktd more tteadily token die halteriet 
IBtre off than when they teere attached. 

On Ihe night of August 28(h the batteries were attached, and 
m breaking the circuit there were seen not only s|i!irki (iliat do 
not appear in the normal condition of a working line), but at in^ 
tervals regular stream* o/Jire, which, had tliey been |icrmitted to 
last more than an instant, would certainly liavc fused the platinim) 
paints of the key, and tie htlictt became lo hoi that the hand could 
not be kept on them. These effects could not have been produced 
b; the batteries. 

This seems almost too wonderful for belief, and yet the proof 
is incontestable. However, the fact being established that the 
currents from the aurora boreulis do have a direct effect upon the 
telegmph wires, and tliat the currents are of both kinds, [Kjsitive 
and negative, as wo have shown in our remarks upon the aurora 
of 1652, which sometimes lell a dark line npon the prepared 
paper, and at other tiuies bleached it, — it is a natural conse- 
quence that the wires slioold work better without baueries thaa 
28 
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with them, whenever a current from the aurora has suffi 
inteosily lu neutralize the current from the ballorios. 

Vfe will try to be clear upon this point. It makes do difference 
in working the MorBC, or any other system of ma^etic telegraph, 
whether we have the jiositive or the negative polo to the line ; 
but whichever way we ])oint in commencing, the same direction 
must lie continued with all additional batteries put upon the line. 
Now if we put a battery upon the line at Boston, of say twenty- 
five cells, and point the jxisilive pole eastward, and the same num- 
ber of cells at Portland, pointing the positive jiole westward, the 
current will be null, that U lo say, each will neutralise the oilier. 
Now the aurora, in presenting its positive pole, we will say, 
increases the current upon the lino beyond the power of the 
magnet-keeper spring to control it, and thus prevents the line 
from working, by surfeiting it with the electric current ; until, 
presently, the wave recedes and is followed by u negative current, 
which neuci-alizes the battery current, and prevents the line from 
working for want of power. It is plain, therefore, that, if the 
batteries be taken off, the positive current of the aurora cannot 
increase, nor the negative decrease, the working state of the lino 
to the same extent us when the batteries arc connected ; but 
that, whichever pole ia presented, the magnetism can be made 
use of by the operator for the ordinary duties of the line. 

At Springfield, a gentleman who observed the needle of the 
compass, during the auroral display of August 28lh, noticed tlist 
it was deflected tirst to the west, and then lo the east, while the 
waves of the aurora were in motion. The electrotype plates at 
tlie office of the " Republican " at that place were so eerionsly 
affected by the aurora, that they could not be printed from during 
the continuance of the phenomenon. 

The aurora borcalis of August 28th was surpassingly briiUanU 
not only in the northern portion of this continent, but also as lar 
south as the equator, — as well as in Cuba, Jamaica, California, 
and the greater portion of Europe. The London newspapers of 
the 29th contain glowing descriptions of iL A California joumnl 
gays : " During the last ten years the aurora borealis was never 
seen in California except on very rare occasions, and then the 
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;ht was very faint or barely visible ; but on the 28th ull, it 
appeared in wonderful splendor, the nhole northern port of the 
sky being of a bright erimson ; and the same phenomenon, witli 
e<iua1 magnificence, was repealed on the night of the 1st in- 

Iti Jamaica the aurora borealis was witnessed for the first Ume, 
perhaps, since the di»coTery of this island by Coluuihus. So ntre 
ia the phenomenon in those Lititudes, that it was taken for the 
glare of a fire, aiid was associated with the recent riota. 

Mr. E. B. Elliot of Boston, m an interesting article upon the 
recent aurora, points out the simultaneons occurrence of the au- 
yoral display of February Idch, 18o2, with the eruption of Mauna 
the largest volcano in the world, situated on Hawaii (one 
'ef the Sandwich Island group), — on the 20th of February; on 
which occasion the side of the mountain gave way ubout two 
thirds of the dislance from the base, giving passage to a mi^ifi- 
cent stream of lava, five hundred feet deep and seven hundred 
brood. 

Again, on the 17lh of December, 1857, between the hours of 
one and four in the morning, there occurred an aurora of un- 
.tcd magnificence. The first steamer arriving from Europe 
r that date brought the following intelligence, which is taken 
from one of the journals of the day : "An earthtguake look place 
on ll>e night of the 17th, throughout the whole kingdom of 
Ifaples, hut its oifecls were most severo in the towns of Sa- 
lemo, Polenza. and Nola. At Salerno, the walls of the honaes 
were rent from top to bottom. Numerous villages were half de- 
stroyed." 

"Were these coincidences of extraordinary auroras with extraor- 
dinary commotions in the physical condition of our globe merely 
acciilenial ? or are the^e phenomena due to a common cause ? 
The latter supposition is not improbable, but the question can 
be fully settled only by further observations. 

Mr. Mcriam, " the sage of Brooklyn," as the daily journals 

denominate him. eoni'tders the aurora as tlie result of earth' 

quakes or volcanic eruptions. He aUo says ; " The aaroral lijjht 

I composed of threads, like the silken warp of a 
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web ; those Boractimes become broken and fall to the eartli, and 
posBcss exquisite softness anil a ulvery lustre, oud I dctiomtnate 
them tlie prcrducU of the ailkeiy of the skies. / onM oUained 
a tmall pitce, which I preserved." 

It is due to Mr. Merinoi, as well us to the scientific world, to 
say, (hat lie etands alone in his convictions with regai'd to the 
aurora, both in respect of the cause and the effect of the phe- 
noiueuoQ. 

Having thus illustrated the eflecta of the aurora, let us now 
return to the discussion of its causes. 

The inllmato and constant connection between the phenomena 
of the aurora borealis and terrestrial magnetism led Humboldt 
to class under the head of Magnetic Storms all disturbances in 
the equilibrium of the earth's magnetic forces. The presence of 
such storms is indicated by the oscillations of the magnetiKed 
needle, the disturbance of the currents upon the telegraph-wires, 
and the appearance of the aurora, of which these osdllatioiu 
and disturbances ai'e, as It were, the forerunners, and which itself 
puts an end to the storm, — as in clectriu storms the phenomenon 
of lightning aunounees that the electrical equilibrium, temporarily 
disturbed, is now restored. 

The atmosphere is constantly charged with positive electricity, 
— electricity furnished by the vapors that rise from the sea, es- 
pecially in tropical regions, — and. on the other hand, the earth 
is negatively electrized. The recom position or neutralization of 
the two opposite electricities of the atmospliere and of the terres- 
trial globe is brought about by means of the moisture with whidi 
the lower strata of the air are more or less charged. But it 
is especially In the polar regions, where the eternal ice that 
reigns constantly condenses tlie aqueous vapors under the form of 
hoxe, that this rccomposilion must be brought about ; the morfl 
so, as the positive vapors are carried thither and accumubited by 
the tropical current, which, setting out from the equatorial re- 
gions, where it occupies the most elevated regions of the atmos- 
phere, descends as it advanrca towards the higher latitudes, antil 
it comes in contact with the earth iu the neighborhood of the 
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^^r ~|kiles> It 19 [here, llien, chieflj, tliat the equilibriinn between the 

^V posilive electricity of the vnpurd and tlie negative eleclricity of 

■ the eorlh must be tu.ix>mpIUhcd by means of a discharge, which, 

when of sufficient intensily, will be accompanied with light, if, 

OS is almost ulwavs the esse nt^ar iho poles, and sometime* in the 

higher parta of the atmosphere, it take place among those ez- 

»tremely email icy particles which constitute the hazes and the 
very elevated clouds. 
Tliere can bo no doubt that (he occurrence of the phenom- 
enon is materially dependent on the presence in the almoaphero 
of these particles of ice, forming a kind of thin hoee, which, 
becoming luminous by the Iramunission of electricity, must ap< 
pear dimply as an illuminated surface of greater or less extent, 
and mure or less cut up. The phenomenon actually takes plac« 
in this manner in the parts of the atniios|)bere ihtit are tlie mosl 
distant from tlie earth. We perceive what are termed auroral 
plates of a purple or reddiah-violet color, more or less extend- 
ed, according as this species of veil, formed by icy particles, 
extends to a greater or less distance from the poles. The te- 
nuity of this veil is such, that it admits of our seeing the stars 
through the auroral plates. Of its existence, independently of 

I indirect proofs, we have a direct dcmonslralion in the ob.-«rv»- 
tion of MM. Bixio and Baral, who, being raised in a ballooo 
to a great height, found themselves, on a sudden, although the 
■ky was entirely serene and the atmosphere cloudless, in the 
midat of a perfectly transparent veil, formed by a multitude of 
little iry needles, so fine that they were scarcely visible. 
If we place the pole of an electro-magnet over the jets of 
electric light that are made to converge in exfrcmely rarefied 
air, we shall see that [lie electric light, instead of coming out 
indiflerenlly from all points of the upper surface, as had taken 
place btifore the magnelizalion, comes out from the pcniits of 
the circumference' only of this suHacc, so as to form around 
it a continuous lumiitoua ring. This ring possesses a move- 
ment of roiation around the magnetized cylinder, i 
one direction, sometimes in another, according to tlie 
^^ of the discbarge and of ihe tnagnetualiun. Finally, Bomu mure 
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brilliant jets seem tn (■omi? nul from lliis luminous circumrerence 
without being confounded wilh llic rest of llic group. Now 
the mngnetic pole exercises over the luminous liuze wliioh we 
have menlioncd as always present during an aurora preciseljr 
the sarae action which the pole of tlie electro-magnet exercisefi 
in the experiment just described ; and what takes place on tlie 
gmikll scale of the eKperiment ia precisely wliat takes place on 
tbe lui^c scale of the phenomenon of the aurora borculis. 

The arc of the aurora borcalis is a portion of a luminous 
ring, the ditferent [loints of which are sensibly at equal distances 
from the earth, and which centres upon tbe lioreal magnelie 
pole, so as to cut at right angles all the magnetic mcHdians 
tliot converge towards this pole. Such a ring, seen by an ob- 
server placed at the surface of the earth, evidently presents 
to him the known arc of the aurora ; and its apparent summit 
is always necessarily sitiuited in the magnetic meridian of the 
place. 

The diameter of the luminous ring is greater in proportion 
as the mngnetic pole is more distant from the surface of the 
earth, since this pole must be situated upon the inlcrsectiott 
of the plane of the ring with the axis of the terrestrial globe j 
if we could determine rigorously the position of the aurora 
borealis, we should then have the means of knowing exactly 
that of the pole itself. 

EiLch observer sees the summit of the auroral arc at his 
magnetic meridian ; it is, therefore, only those who are on the 
some magnetic meridian who sec the same summit, and who 
are able by simultaneous observations to take its heigliL 

If the summit of the arc pass beyond the zenith of (he ob- 
server, tlie latter is surrounded by the mailer of iJio aurora 
borealis. This matter is nothing else than aqueous vapors trav- 
ersed by tlio discharges, and which are in general luminous 
only at a certain height from the ground, either because the 
air is lliere more rarefied, or because they are themselves con- 
gealed, and more capable, consequently, of liberating their elec- 
tric light. Then it is, that, from being nearer to the spot where 
the phenomenon is taking olace, the observer hears tbe crop!- 
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, or whizzing, of which we have spoken, especially if ho 
an open couniry and in a quiet place. But if tLo aru 
it atlaii] to his zeoith, he is situated beyond the region 
I which tlie meeting of the electric currents takca place ; bo 
I only an arc a little more elevated to the twrlh or the 
nith, according as he is situated in one hemisphere or the 
and he hears no noise, on account of his too great dis- 
Tbe crepitation is the result of the action of a powerful 
tic pole upon luminous electric jets in its immediate neigh- 
Imrhood. With regard to the sulphurous odor which some ob- 
8 have perceived, it arises, as does that which accom|ianiea 
the fall of lightning, from the conversion into ozone of the oxy- 
gen of the air, by the passage of vieciric discharges. 

Gisler says, that on the high mountains of Sweden the trav- 
eller is sometimes suddenly enveloped in a very transpnrcDt fog, 
of a whitish-gray color, inclining a little to green, which ruies 
from the ground, and is transformed into an aurora borealis. 

I The cirro-cumulus and the hazes bcL-omc luminous when they 
4ire traversed by sufficiently energetic discliarges of electricity. 
Wid when tlie light of day is no longer present to overcome their 
inore feeble light. Dr. Usher describes an aurora borealis seen 
jn the open day, at noon, May 24, 1778. 
» SOL Cornulicr and Verdier are convinced, afier carefully 
Btndying the subject, that there are almost always aurone bore- 
ales in the high polar latitudes, and Umt their brilliancy nlooe is 
variable. Tbb conviction is in accordance with the very careful 
observations which have now been made for four years in the 
^Borthem hemisphere. It appears, as the result of [het«, that the 
^Murora borealis is visible almost every clear night, bat it does not 
rsbow ii-self at all the stations at the same lime. From October 
to March there is scarcely a night in which it may not be seen ; 
but it is in Febniary that it b most l>rilliant. In 1850 it was 
observed two hundred and sixty-one nights, and during 1851 two 

Ifaundred and seven. The proportion of nights in which the aa- 
rora is teen is much greater the nearer we are to the magnetic 
Do la Rive, from whose admirable treatise upon Electricity wc 
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have borrowed our general views, and whose theoiy we have 
attempted to illustrate in this chapter, condades that the aurora 
borealis is a phenomenon which has its seal in the atmosphere, 
and consists in the production of a luminous ring of greater or 
less diameter, having for its centre the magnetic pole. Experi- 
ment shows, as we have seen, that, on bringing about in rarefied 
air the reunion of the two electricities, near the pole of a pow- 
erful artificial magnet, a small luminous ring is produced, similar 
to that which constitutes the aurora borealis, and animated bj a 
similar movement of rotation. The aurora borealis would be 
due, consequently, to electric discharges taking place in the polar 
regions between the positive electricity of the atmosphere and 
the negative electricity of the earth. These electric discharges 
taking place constantly, but with intensities varying according to 
the state of the atmosphere, the aurora borealis should be a daily 
phenomenon, more or less intense, consequently visible at greater 
or less distances, but only when the nights are clear, — which is 
perfectly in accordance with observation. 

The aurora australis presents precisely the same phenomena as 
the aurora borealis, and is explained, consequently, in the same 
manner. 



PART IX. 

tirSCELLANEOUS MATTERS. 



CHAPTER XX. 

DrSCOVEKY OF THE RiTESSITY MAGNET. 

Itr 1838, Messrs. Morse and Smilh, proprielors of Ihe Morse 
patent, went to Europe to take out letters patent for the appa- 
ratus. Mr. Smith relates a curious circumstanee in relation lo 
this visit, it being nothing less tlian a discovery of the inlensitj 
magnet in operation at Paris, — a discovery of more value to them 
than the obtaiaing of patents from every government in Europe. 
s that the electro-m^ncl, — the most vilal part of the 
[ llorao apparatus, — nhieii they took with them, weighed no less 
one hundred and sixty pounds ! As this immense afiaJr 
was carried about in England and France, and guarded with 
great care, the people everywhere eyed it with suspicion, evi- 
dently imagining it to he an infernal machine, destined to create 
•oroe awful deatructioD! 

Happening one day. while in Pari.%, to enter a public institu- 
i, they saw a coil of the same form as their ponderous helix, 
peighing leas than a hundredth as much, performing the 
same operation that their npparutus was designed for. They 
were of course amazed, and Mr. Smilh, turning to Mr. Morse, 
remarked, '* Here is the essence of your magnet distilled, and 
presented in suitable proportions." Upon examining the con- 
struction of the coil, they found it to consist of a vast number of 
convnlulioDs of *-eiy fine copper wire wound with silk, — the 
^t 'Wire beiag, instead of Ihe brge size used by Mr. Mor^e, which 
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was one sixteenth of nn inch, only a hundredlh part of an iuch 
in diameter, thus giving the mugnct a vast and iDtcnsc power in 
a email compass. 

This modification of the electro-magnet was at once adopted, 
and ia the form used upon all, or neiirly aii, the electro-magnetic 
telegraphs in the Viorld, excepting House's, which uses oxial 
electro-magtictism. The large wire coil in fact, though jwwerful 
ui>on a. short circuit, is incapable of producing any effects upon a 
leiegruph line of even half a mile in length. 

The develo]iraent of the motor function of electricity, or the 
means by which elect ro-m^netic power con be exerted at a dis- 
tance, is due to the early experiments of Professor Henry, whose 
discoveries in electro-magnetism, and especially of ihe qiia?ittty 
und intentilg of the m^^et, in 1830, laid the foundation for all 
subsequent forms of the eleelro-magnetic telegraph, and made 
subsequent steps comparatively easy. From recent investiga- 
tions, however, it would appear lliat the French were the first to 
avail themselves of this im{iortant discovery, and put the inten- 
sity magnet in pracliciU operation. 

MUSIC BY TELEGRAPH. 

It ifl an arousing fact, that music lias actually been transmitted 
by the Morse telegmph, by means of its rhythm ; in fact, it ia 
of very frequent occurrence upon all lines. The following ia 
related by Mr. Jones, who was an car-witness of the esperiment 
in New York : — ■ 

"We were in the Hanover Street office when there was a 
pause in business operations. Mr. Porter, of tlie Boston office, 
asked what tune we would have. We replied, ' Yankee Doodle;' 
and to our surprise he immediately complied with our request. 
The instrument commenced drumming tlic notes of the tune as 
perfectly and distinctly as a skilful drummer could have made 
them at the liead of a regiment ; and many will be astonished to 
hear that Yankee Doodle can travel by lightning. We then 
asked for ' Hail Columbia ! ' when the notes of that national air 
were distinctly beat off. We then asked for 'Auld Lang Syi 
which was given, and ' Old Dan Tucker,' when Mr. Porter i 
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sent tfa^ tune, and, if possible, in a more perfect manner than 
the olh«r<. Su perfectly and distinctly were the souihIs of ihe 
tunes trauAmitted, that good instrumental performers could have 
had no ditRculty in keeping time with the instruments at this end 
of the wires." 

That a pianist in Boston should execute a fantasia at New 
York, Philadelphia, Waaliington, and New Orleans at the suma 
moment, aud with the same spirit, expression, and precision oa if 
the iiiftnimcnLs, at these distant places, were uuder his lingers, ia 
not only within the limits of practicability, hut really presents no 
other difficulty than may arise from the expense of the perform- 
ances. From what has just been slated, it is clear that the time 
of music has been already transmitted, and the production of the 
rounds docs not offer any more ditliculty ihau the printing of the 
letters of a despatch. 

It is well known that the pitcli of any musical note is the con- 
sequence of the rate of vibralioa of the string by which it is 
produced, and that the more rapid the vibration the higher the 
note will be in the musical ecale, and the slower the vibration the 
lower it will be. Thus the string of a piano-forte which pro- 
duces the base note ^izz^^^ vibrates 132 times in a aeo- 
?' vibrates 66 

times in a second ; and that which produces the note 3 ^ ■■ - i^^ 
vibrates 264 times in a second. "' -^- 



ond; that which produces the i 



On a seven-octave piano-forte, the highest note 

three octaves above st 



the treble is 
and tho lowest note in the 

base is four octaves below it The number of complete vibra- 
tions corresponding to the former must be 3,520 per second ; and 
the number of vibrations corresponding to the latter b 27^. 

By means of very simple expedients, the current may be in- 
lerruptixl hundreds or even thousandjj of times in a second, bein" 
fully rc-estahliahed in the intervals. If the pubations of the 
current be produced at the rate of a thousand per second, the al- 
ternate presence and absence of the magnetic virtue iu the Bofl 
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iron will eqn&tly be produced nl the rate of a thousand per eec* 
ond. Nor Are iLese effects ai any vay modified by the dtalotice 
of the place of iDlerraption of the current frooi the magoet. 
Thus, pulsations of the current may be produced by an operator 
in Boston, and the Bimuliuneous pulsations of the magnetiam may 
take place in New Orleans, provided only that the two places are 
connected hy a conlinuouit series of conducting-wires. 

When it is slated that the vihraiions imparted by the pulsa^ 
tioua of the current to levers have produced musical notes nearly 
two oelaves higher than the highest note on a seven-octave piano, 
tuned to concert pilch, it may be conceived in how rapid a man- 
ner the transmission and suspension of the electric current, the 
acquisition and lo^s of magnetism in the soft-iron rods, and the 
conseqnent oscillation of the lever upon which tliese rods act, take 
place. Tlie string wliich produces the highest note, on such a 
piano, vibrates 3,520 times per second. A string which would 
produce a note an octave higher would vibrate 7,040 times per 
second, and one which would produce a note two octaves higher 
would vibrate 14,080 times per second. 

It may, therefore, be staled, that by the marvellously subtile 
action of the electric current, the motion of a pendulum is pro- 
duced, by which a single second of time is divided into from 
twelve to fourteen thousand equal pnrla. 

The adaptation of this power to the production of music upon 
telegraphic piano-fortes at any distance which may be desired, is a 
matter of the utmost simplicily, capable of being auccessfully car- 
ried into practice by any one who has the money and taste for 
the experiment. 

CELERITY OF TRANSMISSION. 
Although it be true that the signals made at one station are 
rendered instantaneously apparent at nnotlier, no matter how dis- 
tant, it must not therefore be inferred that the transmission of 
messages by the telegraph is equally instantaneous. Not only is 
this not the case, but the celerity witli which messages are con- 
veyed between station and station, so as to be rendered practically 
available for the purposes of intercommunication, differs very 
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when one form of tciegmpliic inBtrument or one set of 
eperalors is compared vrith another. 

The ccleritj of transmission depends upon a great number of 
circum^lances, the principal of whicb, in the Morse apparatus, 
ore the skill and dexterity of the transmitting operator, the quick- 
ness of ear, practice, activity, and attention of the receiving uper^ 
tor, tlie distance to which tlic despatch is tnwsmitted, the iDSula- 
lion of the wires, and the weather. 

Ditferent operators have very different powers as to celerity. 
These powers depend on practice as well as upon natural ability 
and aptitude, and oa manual dexterity. Kot only is it necessaiy 
to transmit the letters in quick succession, but to do so with such 
distinctness that they shall be readily inlcqireted, aud with such 
correctness as to render repetitions unnecessary. In this respeot 
Dperulora Iiaving equal practice differ one from another as much 
as do clerks, some writing rapidly and legibly ; some rapidly, but 
not legibly ; some legibly, but not rapidly ; aud some neither 
rapidly nor legibly. The relative ability of operators in this 
respect is partly mental and partly mechanical, depending aa 
much upon quickness of intelligence, attention, and observation 
as upon manual dexterity and address. 

It is a remarkable aud very curious drcumslance, that, inde- 
pendently of the mere rapidity, cieomess itnd correctness of 
transmission, each operator lias a manner and character which are 
BO [>cculiar to himself, that pentons receiving his despatch at a 
distance recognize his personality with as much certainty and 
fikcility as they would recognize the handwriting of a corre9i>ond- 
I enl, or the voice and utterance of a friend or ncquiuntiincc, whom 
'they might hear speak in an adjacent room. The operatore 
habitually engaged nt each of the telegraphic stations, in this way. 
Boon become acquainted with those of alt the other stations on 
the »<ame line, so that a the commencement of a despatch they 
immediately know who is transmitting it. 

SECRECY OF TELEGRAPHIC COMMUSICATIONS. 
Although the electric lelegrnph has been in successful oper 
f tiou in this country for sixteen years, scarcely on instance is 1 
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record where tbe secrecy of a despatch htia been violated. This 
is owing maini}' lo the liigh sense of honor which every opemlor 
fceh upon this point, there being no oulh of secrecy required, 
anil no laws for the punishment of ita violation i but tliere is an- 
other circumatancc which, us experience has made manifest, has 
(pven security to the pubhc on this poinL It appears tlial the 
operators who ore for many hours laboring at the instrument in 
the transmission of despatches, word by word, rarely are able to 
give that kind of attention to the sense and purport of the whole 
which would be necessary to the clear understanding of iL Their 
attention is engrossed exclusively in the manipulation necessary 
to transmit letter afler letter, and they have neither time nor 
attention to spare for the subject of the whole despatch. The 
cose is very analogous to that of compositors in a prinUng-office, 
who, as is well known, may go through their work mechanically, 
without giving the least attention to the subject, 

A sort of verbid cipher, or abbreviations, ore somewhat exten- 
sively used by brokers, mercnnlile houses, newspaper reporters, 
and others. Tlits is practised more for tlie sake of economy thao 
secrecy, although the latter puq)ose is also attained. The coT' 
respondents have a key in which are tabulated a number of siiv 
gle words, each of which expresses a phrase or sentence, such as 
is of frequent occurrence in such communications. The following 
example of such a despatch will illustrate the principle. The 
despatch to be sent consists of sixty-eight words, aa follows : — 

" Flour market for common and fair brands of Western is 
lower, with moderate demand for home trade and export ; sales, 
8.000 bbls. Gencssee at? 5.12. Wheat, prime in fair demand, 
market firm, common description dull, with a downward tendency; 
sales, 4,000 hnshels at S 1.10. Com, foreign news unsettled the 
market ; no sales of importance made. The only sale made was 
2,500 bushels at 67fc" 

This despatch, when converted into the verbal cipher, was ex- 
pressed in nine words, as follows : — 

" Bad came afl keen dark ache lain fnutt adopt." 
Cipher is not, however, generally resorted to either for private 
public despatches, and is of no practical value except for trans- 
mitting slock and market reports. 
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BREVITY IN DESPATCHES. 



The despatches which paHS over a telegraph line in ihc coarse 
of a year, if collected together, %vuuld present a very curious and 
iolereHiiDg volume of correspondeuee. The price of the trans- 
mingiun of a message depending upon the number of words whidi 
it contains, of course renders the conslmction of it neceasaril^ 
U brief as poscible. Most despatched are conljuiied in less than 
ten words, (exclusive of address and iigmiture, whicii are not 
charged for,) and it is surprising how much matter is often con- 
tuned in thiii bi^ef number. Among the beet examples of brev* 
ity which we have met with, however, are the two following. 

A lady in a neighboring city, desirous of ascertaining whea 
her husband would return home, sent him a meBsage making the 
inquiry ; lo wliich he responded, that important business detained 
him, and that he could not leave for some days. 

The lady immediately replied by sending him another despatch 
in the following laconic manner: — 

" At Bonn, Angnit 11, IBBB. 

"ToF. C. P. — Despatch received. Deuteronomy ixiv. 6. 
(Signed,) " Kate." 

Tlie gentleman lo whom the despatch waa addressed, upon re- 
ferring to the passage in the Scriptures alluded to, obtained the 
following lengthy and suggestive epistle : — 

" When a man hath taken a new wife, he shall not go out to 
war, tieilier xhtdl he be charged with any businett: hut he shall 
be free at home one year, and shall cheer up his mfe which he 
Kath taken." 

The second example is the reply sent to a person in a dis- 
tant eily, who, having committed some offence ng^nst the laws, 
and run away, was desiroua of ascertaining if it would he prudent 
for him to return. He therefore telegraphed in the following 
laconic style : — 

" Sew Tork, July 1, 18S0. 

"To B. C. M . Phihidelphia. 

« Is everytliing OK? « D. T. M." 
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To which he obtained tlie following brief reply ; ■ 

" Philadelphia, 3u]j 4, 1( 

"To D. T. M , New York: — Proverbs, chap, xxvii. 12. 

" B. C. M." 

Upon reference to the paaaoge indicateil, ihc inquiring iniji- 
vidua] obtained the following valuable advice, which, it is to be 
presumed, he followed : — 

"A prudent man foresceth the evil, and kideOi himself; but 
the simple pass on, and are punished ! " 

SEEING THE ELEPHANT. 
Some years ago there was a joke passing around upon the dif- 
ferent telegraph lines, which was played olT upon a good many 
unsuspecting individuals, in the following manner : — 

" Boston, April Ijl, 1866. 

"To L. E. Phamt, at lotiut ffoUl, JShie Bedford: 

"In leaving this morning, ^ou neglected to take your trunk. 

What Bhall be done with it? 

"Adam Goodsell." 
By pronouncing tlie name of the party addressed quickly, and 

the signature slowly, a solution of the " sell " is obtained, and you 

get a view of the elephant at the same time ! 

BEADING BY SOUND. 

We have mentioned brieHy the substitution of reading by 
nund, instead of by sight, which is a matter of very great impor- 
tance to the proprietors of telegraph companies, as well as the 
public. To tlie former, because it saves expense, and to the lat- 
ter, because it insures greater safety ; and, finally, to both for the 
same rea^ina, for the interests of the proprietors and the public 
are very closely connected. 

We aliall not pretend to aay to whom is entitled the credit of 
having first discovered the idea of reading by sound ; and if we 
could, it would be a matter of no imjwrtance, for no one, with a 
good idea of time, could be witliin hearing of a Morse register a 
day, wilboul being aware pf its peculiar adapledness for this use. 
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The first time, however, we f^aw any one read i 
was in the winier of 184G-7, in New Vork. 'llie lines were 
broken, and Mr. 0. E. Wood and ourself were sent out lo repair 
them, Mr. Wood carried a Nnall electro-magnet in Ids hand, and 
when we reached Harlem Bridge, he disconnected the line-wire, 
and attached it to one end of llie he!ix-wire ; and then, uneoiling a 
dozen or two feel of iron wire, dropped one end of it in tlie river, 
nnd with the other commenced tapping upon the other ex- 
tremity of the helix-wire. To our infinite a«toni:«hmenI, we saw 
the levor fly backward and forward ; and presently, when he had 
stopped writing, lie received a reply from the office in New Torit. 
He gave us the questions and answers as he rccei 
them, nnd although we have a ihouaoud times since i 
'the same feat, the conversation and the occurrence a 
ibiy fixed in our memory. 

No triek of legerdemain, performed by the i 



ed and sent 
ccouiphshed 
B still indel- 

t successful 



:r been able to e 



a much interest in our 



mind m this. 
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There is, however, still another mode of receiving intelligence 
in connection with the Morse lines, besides those already de- 
scribed; namely, by means of the passage of shocks through the 
system. This, we presume, has o{\en been accomplished by 
different persons, although we have not been knowing to the fact. 
Mr. Milliken, of the American Telegraph Office in Boston, as- 
sures us tiiat he once read the greater part of u despatch as it 
was passing over the wires between Boston and Portland, and 
that he heard the Portland operator respond "OK" (all right) 
to it, while ho was seated upon the draw at Mystic River Bridge, 
and held the end of a wire in each hand; thus passing the cur- 
rent through his body, and enabling him to read the lellere by the 
duration and number of the shocks which he received. 

We have succeeded, upon several occasions, in receiving mes- 
sages in this manner, when we have been at a distance from 
an office, and wished to obtain information in regard to the slate 
of the line. 
_ 29- 
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Not long aince we had been nnnoyed upon one of our wires 
by a very bad earth-current, and, none of the repairera bting able 
Id find tlio diHicutty, we inetituted a march for it. Finally, upon 
■rriving nt Noponeet, we opened the circuit at llie draw, and 
inquired of iLe Boston operator, by touching the ends of the 
wire togetber iu ihc proper time, if tJie earth-current was be- 
tween us and the Boston office, or beyond. This he could 
at once tell, by my opening the circuit, — disconnecting the 
wires ; if be got any magnetism when tlie wires were discon- 
nected, then tbe eartb-current was between us and tlic office ; 
if be got none, then tbe trouble was beyond. This was im{Kir- 
tant for us to know. He replied that he did get an curtli- 
eurrent, when wo opened the circuit. Wc asked if it was very 
strong. " Yea," be replied, " nearly as strong as when you 
close." 

All this, the reader will understand, we received through our 
Bystem, and interpreted by tbe duration and number of the shocks. 

"There is trouble also upon tbe New Bedford wire," said be; 
" I have not had any circuit for nearly half an hour," 

We then sent an order for a line repairer to go out at once and 
repair that line, and then recommenced our investigations into 
the localion of the earth-current, whicli we shortly afterwards 
Bucceeded in finding. 

SPIRITUAL INTERRUPTIONS. 

We have mentioned in a previous article, that the eartli serves 
BB a return wire. The earth, in fact, from its immense conduct- 
ing Eurlace, constitutea the best conductor, — better tlian all min- 
erals, for its resistonee to the passage of an electric current has 
been found to be null It being the same thing, in fact, to put 
Ihe two ends of the wire into connection with the earth, as to bring 
them togetber. 

This, as may he imagined, is of vast importance in tbe economy 
of working telegraph lines, as one wire in every circuit is thus 
laved; but there are, sometimes, very provoking consequences 
resulting from this cause, namely, the loss of current by earth cir- 
cuits or " escape." 
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An occurrence of Una kind liapponotl upon the line between 
Boston an<I Salem some months since, which baffled for weckd 
the mo9l careful research of experienced repaicerx. 

Tlic earth-eurrent came on at precisely 7 o'clock P. M^ and 
was oS* at the conunencement of business in llie morning ; iLere* 
fore there was only from 7 P. M. to S A. M. when there waa 
any opporiunity for finding it. 

Line men were despatched over the rood every day with strict 
injunctions lo watch every inch of the wire, but still they reported 
that nothing could be found. It looked mysterious. Had the 
qiirits anything to do witli it ? They had never yet troubled 
'itfie telegraph, but there must be a be^nning for all tilings i was 
the beginning? We strongly suspected that it was! 

One afternoon we went to Salem ourself, and remained in the 
foilice from 6 j- to 7 o'clock. We would sec if it would come on 
while we were there. Seven o'clock arrived, no eartL-current 
One minute pa.it, none ; two, none ; three, none ; we bi-gan to feel 
encouraged, perhaps it had " played out." The train left at 7,15 ; 
we hoped to leave in that, with the knowledge thai all was right. 

!ven o'clock, four, no eanL-current ; Beven, five, it is on again I 

We were in for it, and we immediately started for a personal 
•olution of the ditBculty. Upon walking down the track a few 
rods we found tlie " spirit," in tlie shape of an iron switch-rod, 
which had been put up about four weeka before, to switch off the 
Marblehead track at seven o'clock every morning, and wAtVA was 
tntilchtd mi at prectKly »evm a'dork rack afternoon. Upon this 
occasion the switchman had been live minutes late. He said be 
noticed when he switched it on that it touched the wires, but he 

tdid not know as it would do any damage, as it was only iron '. 
Tbut ended our first assault upon the spirits. 
*" PRACTIC.U. JOKKG BY TELEOBAPH. 

Some ten years or more ago there was upon the New York 

and WashingtOD telegraph line, at the Philadelphia station, an 

Qpemtor named Thayer, who, besides being an adept at the busi- 

BMs, was a gentleman of culture and wit, and exceedingly fond 

Kf a joke, no matter at whose expense. At the New York ter- 
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minus of llie line lliere was, upon ihe coutmry, a steady, matler- 
of-IUct sort ol' man, who was no ajipreciator of jokes, and never 
practisod them. The Preaideut of the Iwe was Hon. B. B. French, 
for many years Clerk of the House of Representatives at Wash- 
ington ; a wit, poet, and liumorist, of course he appreciated bu- 
mor wherever he came across it. 

Thayer took it into his head one day to send a despatch to some 
fictitious name in New York, for the jiurpose of enjoying a laugh 
at the expense of the operator at New York. Accordingly he 
compodcd and forwarded the following; — 

" Philadetiihiii, April 1, 18U. ^h 
"To Mb. Jones, New York : — ^H 

** Send me ten dollars at once, so that I can get my eluthea. ^H 
(Signed,) "Jclia." ^B 

" 13 worda, collect 34 cents," 

The operator at New York, not suspecting any joke, asked (he 
Philadelphia operator for the address. 

The I'tiilftdelphia operator replied, that " the young lady did n't 
leave any;" and aakcd him to "look in the directory for it." 

The New York operator replied that ho " had already done BO, 
but that as there were over fifty Jones's in the directory, he was 
at a loss to know which one to send it to." 

" If tliat is the case," says Thayer, " you had better seud a copy 
to each of them, and charge 34 cents apiece." 

The New York operator did bo, and I will give the result of 
the arrangement in the words of the President, Mr, Krench, from 
whom, a few days after tliis uffiiir, Mr. Thayer received tlie fol- 
lowing letter : — 

"Ucw York, April 6, IBH. 

"Mr. Thater; — 
"Sir, — A few days since you sent a despatch purporting to 
come from one J(tlia, addressed lo Mr. Jones, New York. Tha 
New York operator informed you that he desired an address, as 
there were upward of fifty Jones's in the directory, and lie was at 
B loss lo know which one of them it was designed for. You re- 
plied, that iu that case he must send a copy lo every one of thorn, 
and charge upon each ; and the operator nt New York, in the ia- 
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f Ilia bearl, did so. Some twenty of the Jones's paid for 
dieir despatches, but Ihi^rc was one sent to ibe residence of on el< 
ierly mercbnnt by that name, who being away from home nhen 
it arrived, il was opened \>y his wife, aud was the occasioo of a 
very uapleasaQt domestic scene. Mr. Jones liaa been to see me 

fin relation lo the mutter, and threatens to sue the company for 
damages, — taking the tiling very much lo hearL 

this is all very funny, and a good joke, and I have 
laughed at it as heartily as anybody ; but you had not better try 
il again, or any of the rest of the operators upon the line, if you 
value your situations." • 



ADVANTAGE OF READING BY SOUND. 
We chanced to be eonversing with the manager of a telegraph 



I office in his counting-room, when an individual entered, aoil 
proceeded to the counter where the business was tiiuisacted, 
wbieb w.ts al the farther side of the room, some little distance 
from where we were stonduig, and commenced preparing a 
despatch for the clerk, who stood ready to receive it. The man- 
ager, with whom we were conversing, made several apparently 
^caTelGan little taps upon a shelf before him with a pencil, which 
he held in hia hand ; the clerk at the other end of the room was 
■Iso, apparently lo us, drumming llslle^ly with hb penholder as 
he waited on his customer. AH this time, while four of us were 
holding an animated collotjuial intercourse, the apparently care- 
less tajis of the two telegruphers were intelligible communicalioua 
exchanged between them. 

The following was the dialogue which occurred: — 
Manager. " Give your allentton for a despatch." (The usual 
Btftpe for a "call" of an operator from one eta^on to another im- 
plying the above.) 

Cleri. " All right; go ahead." 

Manager, " Don't send that man's messages unless he pre- 
■^ys in cash." 

Cltrk. " All right ; won't credit him a dime." 
Manager, " After he pays tjiis one, collect 68 cents for mes- 
■lage sent by him yesti'rday, which he was trusted for." 
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By UuR time the olerk bod a bank-note which the dihitoiy cus- 
lomcr had produced, upon learDing thut it was Deccssary tor the 
message to be prepaid, and from which he bloudly made change, 
deducting the 68 cents. 

The communicated sound Lad in this inslaoce proved of some 
Ultle service, and was utterly unnoticed aav& by the two parties 
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Some ten years since, there was a very ludicrous, and at the 
same time natural blunder, perpetrated upon the line between 
Boston and New York. A gentleman sent a despatch request- 
ing parties in New York to " forward sample forks by express." 
When the message was dehvered, it read thus : " Forward sam- 
ple for K. S." 

The parties who received it replied by asking what samples 
K. S. wanted. 

Of course the gentleman came to the olGce and complained 
that the despatch had been transmitted wrong, and the operator 
promised to repeat it. Accordingly he telegraphed tlie New York 
operator that the despatch should have read, " Forward sample 
forks." The New York operator, having read it wrong in the 
first instance, could not decipher it differently now. He replied, 
that be did read it, " Sample for K. S.," and go delivered it. 

" But," returned the Boston operator, " I did not say ' for K. 
S., but f-o-r-k-a I " 

" What a stupid tlmt fellow is in Boston," exckimed the New 
York operator, in a rage. " He says he did n't say for K. S^ but 
forK. S.!" 

The Boston operator tried for an hour to make the New York 
operator read it " forks," but not succeeding, he wrote the de- 
spatch upon a slip of paper, and forwarded it by mail ; and it 
remained a standing joke upon the line for many months aller- 

Since the paper has been abolished upon the Morse lines, 
errors like the above rarely occur. The ear b found to be a 
much more reliable organ for the telegrapher than the eye. We 
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do not tliink we sboulil ovursboot tLc mark if we gaid there is 
not one error mode in reading hy Bound where there were ten, 
formerly, in reading from the lonj; etripit of paper. One reason 
OS we remarked in a previous chivpter, tbal the operulor in 
feaiiing by sound lias his eyes at litwriy, and can write down lus 
despatcli as he reads it by the li<'k, with all the facility with which 
an expert reporter can Tollow, and note down accurately, all the 
words spoken in debate. The feat seems an eitraordinory one, 
'but practice will accomplish wonders. 

PERSONS UNQUAUFDID FOR TELEGBAPETV. 

There arc many persons who seem totally inrapable of acquir- 
ing a knowledge of the art of telegraphing ^ufGcient for practical 
nse, while others, and especially young persons, will ocfjuire it, 
even in the short space of a fortnight, sutHciently to transmit and 
receive despatches with considerable facility. 

A ludicrous example of this luck of ability to operate this sim- 
ple apparatus came to our knowledge quite recently. 

A midiUc-aged man, employed upon one of our railroada as 
depot-master and telegraph-operator, found great difficulty, af\er 
two years' experience, in operating the instrument, and thia 
inability extended to his reading as well as his transmitting de- 
ipatcIiGS. Upon cMie occasion he rushed out of hb office in a 
great stale of excitement, and informed the conductor of a (mn 
which had just arrived at his station, that he had just received a 
despatch stating that the train had broken both driving- 
wheels, and was badly gmaslied up. Ho more trains must paw 
nntil further orders. 

The conductor, who was able to read the telegraphic chanc- 
ters, went lo the instrument, and, drawing out the paper, read the 
following despatch : — 

" Ask tlie conductor of the Ttostoo train to examine carefully 

the connecting-rods of both driving-wheel^ and if not in good 

condition to awilit orders." 

_, The conductor, having made the examination ia company with 

■b the engineer, and found all right, gave the order for the (rain to 
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who never waft able to f1n<l out why the conductor lia^ the temer-- 
ity to onliT Ilic tmin to go on nmlur sufh grave circunutonces. 

lu' thu «une village when.' this rrliabls operator is cnijiloyed 
there id another Iclegruph ofRce, where tlie ordinarjr telcgragihic 
business U done ; and whenever our friend receives & call upon 
his instrument, he gives the ngniU to pD nlieud, and, afler rei-eiv- 
ing ibe di!H|>ai(:li, lukus it to tlie opcrnlor at thu other office to 
have it Inui^luled for him. 

Not long mncc, he rushed into the office with a strip of the 
telegraph iwpcr in his hand, anil cried out, " I wunt you to read 
this for me, ijuick. 1 expect there 's eome awful B<Ti<lent on the 
road, the opcnitor rattled away eo last when he sent it" 

The operator took the strip, but, to the dismay of the nervooa 
visitor, a large portion of it had bceti torn off \>y a dog, who was 
attracted b; its singular appearance as it streamed behind him 
while be flew along, and the part which remained coninincd only 
these words: — "Good morning, Uncle Ben. When arc you — " 
The dog lutd swallowed the rest I 

AEREST OF FlIlilTIVES FROM JUSTICE. 

One of the most important uxcs of the telegraph is that of 
controlling the movements of fugitives from justice. Were it 
not for the wiren, a nigue having got one train the sinrt of ftn 
officer might travel ihuu^nnds of miled without the poa^ibiiity of 
detection or arrest : but, liionks In this invention, tlierc i» no place 
ao unsafe for a nigiie as upon n railway, as nine times out of ten 
an officer would be in wailing at the depot, when ibe train should 
arrive, to arroet him. 

A dotcn years ago, before the use of the l«legmph was so 
common as it is now. we were apprL-ed at New Huvea tliot a 
nmn Icfl Hartford in the one o'clocl: train, intending to lake the 
■tOKmcr at tlie former pince for New York, and that ho was 
owing ft certain mini of money which it wo? desirable to obtain 
bclbric he left. Ilis baggage, consisting of lonr bUck irunkii, was 
minutely dcwribed. and an officer was in waiting when the train 
arrived, who at once look charge of it. 

When the owner of tlio baggage came op, the officer pte- 
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iotcd him with the claiiDi and told him be was his prisoner until 
e amount was paid over. 

He wiw very much surprised snd chagrined, but finally, seeing 
^therc was no way of avoiding it, aud ilie boat was nearly ready 
< start, liD juiid over the money. 

"Now," Buid he, "I want to know how you knew I was on this 
rain." 

' replied the officer, " I guessed it ! " 
" Yes ; hut how did you come lo recognize me ? You never 

fore," queried the gentleman from Hartford. 
" O, I guessed at lliat, too," said the officer. 
"Ab! that may be," suggested the nonplussed individual; 
ffbul hoa in thunder did j/ou come lo gueu out my fourUaek 

WEBSTER-S SPEECHES IMPROVED BY THE TELEGRAPH. 
Just previous to the Presidential compugn of 1852, it will 
■be remembered, Mr. Webstpr made a tour through New Yoii 
-State, during which he made a grcAt many patriotic speeches. 
One of these, made, we believe, at Albany, was particularly 
good, and abounded in ehort, pithy Saxon sentences, many of 
which were in the form of inlerrogalories. In order that we 
might do full justice to the speech, we took occasion to punctuate 
Lit, as we read it to the copyist, and whenever an interrogatory oo 
Burred we said, " (jiicstion," — meaning, of course, for the copyist 

moke the sign " ? " at the end of the sentence. But what was 
mr surprise and horror the neit morning, upon taking np the 
lewspapers, lo find them all embellished with the word "ques- 

m," printed in full at the end of nearly every sentence. 

HOW DESPATCHES SIIOVLD BE WRITTEN. 

1 Telegrams should be written in a conci^'e style, and no Bup«r> 
s words employed ; but they should not he simply skeleton 

mtcnces strung together, which it is questionable if your cor- 
Mpondeot would understand if transmitted correctly, and which 
e very liable to contain mistakes, from the greater difficulty of 
mitting such despatches correctly. 
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No despatch, for instance, should be m written at that by tlM 
omiesioQ of one word a difierent ideii would be ronvirycd ; or, In 
other words, ao that tho whole tenor of iho dcspnti'h centres in 
one word. 

In this country, ten wonls can alwnjs be sent as cheap as one ; 
and yet we frc(|ucntly find people, from the luibit offending brief 
despatches, reducing their messages to three or four words, Mod 
in this way many errors are made. 

While General Taylor was in Mexico, a despatch was rcceired 
in New York from the South, saying, " General Taylor seen in 
New Orleans." Muoh specululion wu felt as to the cause of his 
deserting his post at the seat of war. until the despnlcli was coi^ 
reeled by the substitution of son for fwn, which in lek-grapbie 
characters are nearly idcnticiiJ. 

There are many words which, when wrilten in telegraphic 
characters, resemble others so closely as fre(|Ueiitly to lead to 
carious errors. We hare one in mind now to the poinL 

A gentleman telegraphed fur hta portrait to be forwarded to 
bim by express ; bat when tlie despatch arrived it read ihiui^^^ 

" 8cn<l pout rail by express" ^^H 

A N'OVF.L MEETING. ^^M 

In neeordance with a previous arrangement, the *mployit of 
tlie Amerieitn Telegraph Company's hnes between Uoston and 
Calais, Maine, held a meeting by telegraph, afler the bu^inees of 
the lino wks eonelnded for the day, to take action upon tJie 
resignntion of Awi F. Woodman, Esq„ SuperintendenL 

Thiriy-lhreo ofRces were represented, scattered over a eircuil 
of seven hundred mites. Speeches were made by Hensrs. Pwlmer 
and MilUken of Boston, Hayes of Great Falls, Sniilli of Port- 
land, Bedlow of Bitngor, Bbck of Calais, and others. Each 
speaker wrote with his key what he ha<l to say, and all tlie ofliees 
upon the line receircd his remarks ut tho swne mommt, tlius an- 
nihilating ■pnec and time, and bringing the different pnrtie«, in 
effect, as near to each other as though they were in the same 
room, nllhoiigh nctualtr separatM by hundreds of miles. 
AAcr {Hissing npproprUte reaolutwtu, tlM meeting was ad- 
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I great harmotij and kindly feeling, having been in 
a about on hour. 

1 Recount of the above meeting having been pablislied in 
I newsjiappra, Punch makes the following humorous sugge^ 
(, which are equally applicable to our Congress : — 
\ " Now, why coalil n't our Parliamentary proceeJingg be eon- 
I an equally Bilent manner? Do you think Cobden 
wind his many miles of Manchester yams without an 
f Do you fancy Spooner would go on raving for hours 
nrhen there was not a soul present to hear him rave ? And is it 
'%kely that Gladstone, even, with all his love of talking, would 
talk incessantly when all ttiat his eloquence could possibly bring 
round was a dial? Now an electric Parliament would remedy 
all the evik that verbiage at present inflicts on the patience of 
the nation. A member of Parliament would be able to attend to 
his legislative duties without stirring from his couniry.fleal. The 
enttro business of Sl Stephen's might be conducted in a tele- 
graph office. The whole Parliamentary staff, with its numerous 
bundles of rods and sticks, might be cut down into a Speaker. 
That worthy functionary would sit in the middle of ids office, like 
a forewoman in a milliner's workshop, watching the numerous 
needles flying assiduously around him. When the work was done, 
he would collect the stuff and report the result. The threads of 

t^ various arguments would run into bis bands, and it would be 
Br him to sort them. Ilis decisions would be final, and justly bo, 
Is he would always have iho debates at his finger-ends. The 
Prime Minister or Prince Albert might look in every quarter 
of an hour to sec that the Speaker had not fallen asleep. 

"Under our improved plan, one great benefit would unquestion- 
ably be gained. There would be no noise ! Alt zoologicid cxliibl- 
tions would be effectually closed. Your Parliamenlary co*.'ks, don- 
keys, and laughing hyenas would be peremptorily shut up, like 
their wooden prototypes in a boy's Noah's ark. Really, we see 
no obstacle in tlie way of an Electric Parliament. It would, to a 
great extent, cure the absurd mania for talking, and, moreover, we 
mjia not think the speeches there would be half so wire-drawn aa 
f ore now. Besides, every little Demosthenes, who at present 
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is not reported, or else snubbed under the obecare cognomen of 
the ' Hon. Member/ would have the satis&ction of knowing that 
his speech had gone to the length, at all events, of one line, and, 
if he were at some distant post, it might run perhaps to the ex« 
tent of four or five lines, according to the number of wires on the 
different telegraphs; whilst your Drmnmonds and jour Osbomes, 
as thej indulged in their electric /cur^ftce, might flatter themselves 
with the belief that thej were fairlj convulsing the poles with 
laughter." 

HOW CYRUS LAID THE CABLE. 

A BALLAD, BT JOHK O. SAXB.. 

Come, listen all unto my song ; 

It is no silly fable ; 
'T is all about the mighty cord 

They call the Atlantic Cable. 

Bold Cyras Field ho said, says he, 

" I have a pretty notion 
That I can ran a telegraph 

Across the Atlantic Ocean." 

Then all the people langhed, and said 

They 'd like to see him do it ; 
He might get half-seas-over, but 

He never could go through it. 

To carry out his foolish plan 

He never would be able ; 
He might as well go hang himself 

With his Atlantic Cable ! 

But C3rrus was a valiant man, — 

A fellow of decision, — 
And heeded not their mocking words, 

Their laughter and derision. 



Twice did his bravest efforts fail, 
And yet his mind was stable ; 

He wa* n't the man to break his heart 
Because he broke his cable. 



THE OPEBATOE AT TItiMTY BAY. 

" Onco more, my eBllanC boys I " he cried ; 

Three times 1 — you know the tkbki, — 
(1 'II make il lAt'rty," mutlureil he, 

" But I will luy the cable ! "| 

Once more thi;y tried, — hnrrah ! harrsh I 
Wbat meani this ureU commotion < 

The Lord be pruLied I the cable 'b laid 
Arrots the AtUolic Ocean I 

Loud ring the bell I — for. flnehing through 
Six hundred leaguea of water, 

Old Mother Englnnd's betiiaon 
Salutes her uldcat daaghier I 

O'er all the land the tidingd speed, 



Now long live J«me», and long live Vic, 

And long live galhint Cyrus ; 
And may his courage, bilb, and xeal 

With emulation lire ui i 

Atid may wo honor evermore 

The manly, bold, oud stable, 
And tell our tons, lo moke ihem brnre. 

How Cyrus laid the cable 1 

THE OPEBATOB AT TRINITY BAY. 

We hare alluded elsewhere to tlie mysterious operator at the 

Cisatlantic terminiiB of the cable. The foUoniag pocta is from 

the contributions of The Professor at the Breakfai^t-Tablc, in the 

a Monthly, and l«nds etill further to immorlalixe this mys- 

1 personage. 

E SAITTT, AN KtECTBO-CBEMICAL ECLOGUE. 

Pro/esior. Sue-Nose. 



Tell me, Provincial < speak, Ccmleo-Nasal 1 
Lives there one De Santj extant now among y( 
Whispering Boanerges, son of silent thunder, 
Holding talk with nations 1 
30" 



Woa he born of wamnn, Ihi^ sUe^ Do Saulf T 
Or a living prodari of galvanic action, 
Like ihe acarus bred in Crosse'a fliiii-»olatioD ? 
Speak, Ilioa Cjano-RhiDal 1 



I 



I 



Many thiags thoa atkest, jackknife-beariDg atrao^r, 
Much-ronjcoluring mortal, pork-and-treoclo waster 1 
Preteimit thy wliiltUng, whcvl thine car-ftap towitrd me, 
Thou Bhalt bear them aoeweiciL 

Whcti the charge galvanic tingled throagh the cable, 
At the jiolar focus of the wire elvciHc 
Suddenly appeared a whito-faced man among ns, — 
Culled bimaelf " Dc Sj.UTr." 

As the amsll opouam held in poach mucraal 
Gnapa tho natrienC o^on whence the tarm mammalia. 
So the unknown stranger held the wire electric, 
Sucking in the cntTcnt. 

When the ntirent etrcngthened, bloomed the pale-facod itranger J 
Took no drink nor rtctmil, yet grew fat and ro»y, — 
And from time Co lime, in eharp anicDiatiou, 
Said, "^ righll Db Sadtv." 
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Drops of dcliqucEccUM gliatcned oa his forehead, 
Wliilened rounil bis foet the diisl of efflon»ccnrf, 
Till ODC Moodaj maminic, when the flow siupcDdi'd, 
There wu no Du Saut}'. 

Koihing bill a cloud of elcmmn orguiic, 
C. 0. H. N. Fernini, Chor. Plu. Sil. roMrao, 
Calc. Sod. Phosph. Mug. Sulphur, Mung, (!) 
AlumiB. {>i CufiniiiJ, (') 
Such as mail h mudc of. 

Bora of slrpam galvanic, witb it he bod perished 1 
There is no De Sautj now ihere is no carreni I 
Give ii» a nev rable, then af^nin we '11 hear him 
Cry,"AariyhlI Db SiUTl." 

HOCSE.TOP TELEQRAPH3.* 

Ahotit tivetve years ago, when the tavern fashion of supplying 
)eer noil sandwiclies at a fixed prJee became very general, the 
proprietor of a smull suburbnu pothouse reduced the system to 
an absurdity by announcing that he sold a giass of ale and rq 
electric sbock for Iburpcnre. That he reiilly traded in this com- 
tiiiiation of 8cien(.'e and drink is more llian doubtful, and bis chief 
object must liave been to procure an increase of business by an 
unusual dispLty of shopkeepiug v\t. Whatever motive he bod lo 
stimulate bis bumor, tbc fact should certainly be put upon record 
that he was a man considerably in advance of his age. He was 
probably not aware tliat his philosophy in sport would be made a 
science in earnest in the space of a few years, any more iJinn many 
other bold humorists who have been amusing on wlmt they knew 
nothing about 'Die period has not yet arrived when the readers 
of BUhop Wilkina'a fumoua discourse upon aerial navigation will 
be able lo fly lo ibc moon, but llie hour is almost at hand when 
the fanciful announcement of the beer-shop keeper will represent 
an every-tlay familiar fact. A glass of ale and an electric shock 
will shortly be sold for fourpenee, and the scientific part of [he bnr- 
_ gain will be somelbing more useful than a mere fillip lo the human 
rves. It will be an electric shock that »ends a message across 

• From DIckeiu'i " All the Voar Bonnd." 
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Ihe house-tops through the web of wires to any one of a Iiundreii 
and twenty district telegraph 8tatioiii>, that are to be scattered 
amongst the shopkeepers all over the town. 

The iuilustrioua spiders have long since formed themselves 
into a commercial company, called llie London District Telegra[)h 
Company (limited), and they have silently, but etfectively, spun 
their trading web. One hundred and sixty miles of wire arts 
DOW tixcd along parapets, through trees, over garrets, round 
chimney-pot^ and across roods on the southern side of the river, 
and the other one hundred and twenty required miles will soon 
be fised in the same manner on the northern side. The difficully 
decreases as the work goes on, and the sturdiest Englishman is 
ready to give up the roof of his caatlc in the interests of science 
and the public good, when he finds that many hundreds of his 
neighbors have already led the way. 

The out-door mechanical exigencies of this London district 
telegra[)h require at least six. house-top resting-places in the space 
of a mile. To get these plaices at the nominal rental of a shilling 
a year (with three months' notice for removnl) has been the ob- 
■ ject of ihe company, professedly thai a low tariff of charges may 
be based upon a moderate outlay of capital on the permanent 
way. The peculiarity of the company's operations, in appealing 
rather to the public sentiment of the middle and lower classes, 
than to their sense of business or desire for gain, has prolonged 
its out-door negotiations ; though not to any great extent. Tlie 
trial may have been severe, but the British householder, with a 
few exceptions, has nobly stood the test. He has shown tliat, 
if properly appUed to and properly treated, lie may belong to a 
nation of shopkeepers, and yot be something more tliim a mere 
mercenary citizen. 

The first time the proposition to electrify nil London was hrought 
before the British householder, it was calculated to inspire consid- 
erable alarm. The telegraph, as at present existing, is not a [xip- 
ular institution. Its charges are liigh ; its working is secret and 
bewildering to the averse mind. Its case, as displayed at the 
railway stations, may look like a mixture of the beer-machine and 
ttio eight-day clock i but the curious hieroglyphics and restless 
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aiTOWH on its dial surface are like llit: diJfcrcntial calculus fraiDMl 
in a gooseberry larl. Tbe uiikuown may masqucmde in tii*r Or<;s3 
of (lie known; but the railway porter will i!till shake his hoiul. 

Wben the sole dopositnry of the telegraphic secret has gone to 
dinner, the whole electric Bystem of that [larticulur railway station 
must stand absolutely etill. A certain nniount of fnmiliarii]' will 
breed contempt ; an equal amount of uuftuniliarity will breed awe 
and dread. The BritiBh householder has never seen a voltaic 
buttery kill a cow, but he has heard tliat it is quite capable of such 
a feat. The telegraph is worked, in most cases, by a powerful 
Tollaic battery, and therefore the British householder, having a 
general dread of liglitiiing, logically keeps clear of all such ma- 
chines. 

The British householder (number one) look lime to consider. 
The pole that the company wished to raise upon bis roof might 
not be omamcnlal ; might not suit the taste of his wife, who, at 
that moment, was unwell ; might not meet with the ajiprobation 
of liis landlord, who was very fastidious, and veiy old. If the 
company would like to communicate with his landktrd, that gen- 
ticman was to be found in Berkshire, if he bod not gone to Swit- 
zerland, if he was not up the Rhine. The British householder 
(number sixty) was only one of n firm, and he could give no defi- 
nite answer without Ids partners' consent. The British house- 
holder (number sixty-eight) was of a vacillating disposition, and 
iitler be had said yes, he took the trouble to run up the street, be- 
cause be had suddenly decided to say no. The British householder 
(number seventy) was the second-mate of a trading-Tessel, at that 
time supposed to be running along the South American coast. His 
wife was not prepared to say whether he bad any objection to a 
flEi^taff (although she thought he had not), and she could give 
no permission to the company until his return. The British house- 
bolder (number seventy-four) very politely allowed tbe survey of 
bis roof; and when the most eligible point was fised upon, he liad 
legal doubts whether be bad any power over it, as it was on a 
party walL His next-door neighbor, when applied to. was equally 
scrupulous, and without counsel's opinion it was impossible to get 
any further. The British householder (number ninety) was iti a 



358 



IDSCELLANKOCS MATTEKS. 



mist with n^gard to tlie whole scheme. Ho associated telegraph* 
v( all kiud^ wilb large railway stAiions ; and large railway elalioDS 
ni[h red and wliite etgnol-ligbls. He would sacriliue a good deal 
for science and the public interest, but to have his |ani|>et glaring 
all night like a doclor'8 doorway was more tluui be could bear to 
think of. An explanation, acoompaoied liy a display of stnaH 
pocket-models (one of a standard, as large as a pencil-ca«e, — the 
other of a bniekfi, Iho siie of a watch) was necessary to pocify 
him, and when he founil ihat no lamp was riMpiired, he gave big 
conditional consent. The British liousebolilcr (number ninety- 
two) was inclined lo be fncetiouR, and lie ho|icd tlint iLe company 
would not do anyiliing to blow him up, Ths ]lrtli»h householder 
(number ninoiy -eight) was only loo glad lo be of curTice, hut un- 
fortunately his house was m old and so crumbling, that not anotlier 
tkail could be driven into it with »afely. The Britub huudeltulder 
(nomber five huiKlred and four) was an old Udy subject to iU, 
and she only wondered what nest would be prupiised lo her to 
hurry her into the grave. The Britiih householder (number ^ 
hundred and ten) was another old lady, wlio womhippeil a clean 
possnge, uud Mhc merely conaenied upon coudiliun that the work- 
people only |ia»ied tbrougU her house once, lo get at the loot, 
cnn:iully wiping their shoes on tlie mat in the [mD.'utj:^ and onoB 
o^in, to liuvc the premises, on coming down, eiuvfully wiping 
their shoes on tlie mat in the ultic. An agreement was mndo 
upon tJiis pcrulinr hnais ; and the curpenti'm were kept sistocn 
hours amongst the chimiicy-pot» ; their food being drawn up by ft 
rope from the street. The Brilinh hnuseliolder (number seven 
hundred and sis) was almost rash in his obliging disiiosilion, and 
be gave ihe company full permission to take his mof off if ibpy 
found it in ihe way. The British householder (number seven bus- 
dred and four) might have been induced to give his aMustonce, Itod 
not LiM wife loudly warned bim, from iho depths of lite shop par- 
\or, to beware. The consent of British householder (number 
eight hundred and ten) was secured hj the display of the pockct- 
moilel« : but when the workmen arrived wilh a pole ss hing u 
D cloth rs-prop, he »tu|i|>ed liii-m. on the ground that ihey were at- 
tempting lui imjigsitiuii. lie Lad not allowed for the portable 
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acter of tlio mwlels ; and tUe pole he expect<!d I 
e housi-top was alioul the size of a tootlipick. 
Jearly four thousand colla were mode upoa ibis eiTaad, to gel 

t consent of some nineteen bundr<?il people ; and this only for 

e hundred aiid sixty miles of metropolitan wire already raised. 
' The hundred aiid twenty miles remaining to be surveyed will in- 
volve, periiaps, nearly three tbuusand more vieitd before Uie requi- 
Bite fourteen hundred oonsents are obtained. Tlie laodlords of all 
house-property are to be consulted, as well as the lenaiita, which 
doubles the labor of the comiany's agent*. When the wire is 
finally fixed over the two hundred and eighty miles, there will 
have been about seven thousand interviews and negotiation^ and 
nearly three ibousnnd five hundred contraclA. 

Such is the labor rei^uircd to spin the thin web that is now 
shooting across crowded thoroughfares, or creeping uniier the 

Mvy paring-atones, and Joining the bands of ehapeU, taverns, 
i, polices latioD A, warehouses, hovels, and shops. Other la- 

T will be required to bring down the mysterious strings, mi that 
every one may be able lo move the living puppets, from station to 
station, from Higliguie lo Peckham, from Ilommenimith to Bow. 
Some of these strings (perhaps to the number often) will drop 
into district stations, — offices that will act as centres of particular 
divisions ; othera (perhaps to the number of a hundred) will drop 
into familiar shops and trading-places ; amongst the pickle-jars of 
the oilman, the tarts of the ]>astty-eook, Ihe sugar-casks of the 
grocer, the beer-barrels of ihe publican, the physiu-liottlis of the 
dispensing ehemisL The post-office, industrious and effeetive as 
it is, will find an active rival standing by its side, bidding against 
it for popularity, coming in to share its message-carrying trade. 
The elements of nature will be harnessed for hack-work ; and four 
pennyworth of lightning will be as common as a box of pills. The 
old cab-hoi^e will wonder why he is resting so long on his stony 
stand ; and the two millions and more of busy rantropolilan inhah- 
ilania may welcome another means of easing their crowded nireela. 
Everyboily will find a way of talking over everybody die's head, 
or under everybody else's feet, or behind everybody else'* hack. 
"No door-mat to-night," will be whispered from Bromplon lo 
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Hampstead, and no ooe will be anare of the fact but ihc t\ra t-om- 
municaiitH. The Eli^phant and Cnstle will despatch the leuderusc 
messages to llie Angel nt Islington ; and as soou as the back of 
^oung Emma's momma is turned at CamherwcU, young Edwin 
wlU be fully informed at Clielsea. St. Jolinswood will suddenly be 
invited to a roughly got-up, but pleasant, pnrly at llollowaj ; and 
Kensington will be told tliat a private box for the Opera is wait- 
ing for it at Bow Street. The doctor at Finsbury will be requested 
to step up, at once, to Park Lane ; and Bayswater will slop the 
toilet of Clapliam by announcing a sudden postponement of a din- 
ner-party. Greenwich will be told by Keosington to prepare a 
wliitebait banquet in three hours; and Rotherhitbe will be in- 
formed by Camden-lown ihat the child is a boy, and that the 
mother is doing extraordinarily well. The firemen of Cannon 
Street will be called to a red-hot task at Blackliealh ; and when a 
jwliceman is missing — as usual — from his beat, a "reserve" 
can be summoned from the station. The saddest of all measagea 
will also fly auross the tidings of hope ; for Death will sometimes 
present himself at the 8ho|>-counter to whisper his gliostly dispen- 
sations along the wires. 

The great centre of all this system is in Lolhbury, London, 
where a graceful school of about sixty young ladies are even 
now learning the mysteries of the old railway-telegraph signals. 
■Whether they are training their minds and hands in an art that 
will be wholly set aside, yet remains to be seen ; but whatever 
machines may be used as the central and district stations, it is 
certain that the sub-district or shop stations will require some- 
thing exceedingly simple and convenient. 

The telegrapha most generally in use, both in this country and 
on tlie Continent, require great skill and practice to work ; and, 
in translating their arbitrary signs into ordinary language, it be- 
comes necessary to have specially educated persons to work them. 
This necessity was, for the first time, obviated by the system of 
telegraphs invented by Professor Wlieatatone in 1840, in which 
tilher the letters of the alphabet on a fixed dial were pointed to 
hy a moving hand, or a moving dial presented the Idlers suy- 
vessively behind a fixed aperture. In these, the Iransii 
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the message consisted simply in bringing in succcssitm the lellen 
composing it Opposite a fixe^l mark, by means of an apparatus 
called the Iransmilter. These instruments were constructed to 
work, either by the currents gejicraled by induction from a per- 
manent magnet, or by the aid of a voltaic battery ; in the former 
case, the instruments required no preparation to put (hem, or at- 
tention to keep them, in action. ■ Since then, Professor Wheat- 
stone has devoted much time to the improvemeni of this ckss of 
telegraphs ; the principal object of which has been to elTect iheir 
movements with greater steadiness, certainty, and rapidity than 
hitherto, and hy means of magnets of small dimensions. As the 
instrumenls are at present constructed, a lady or a child may, 
Rafter a few minules' instruction, send or receive a message by 
them ; and, with practice, as many signals may be conveyed per 
ininale as by any telegraphs in present use. Especially appli- 
ible to house-lop telegraphs, tliey arc more eflicient than any 
thers for interchanging messages on railways, in public offices, 
inanuractories, private mansions, docks, mines, &q. Being veiy 
portable, and requiring no preparation, they are the best tele- 
graphs for military purposes ; and being constructed so as not to 
be affected by any extraneous movement, they can be used with 
perfect safety in ships, even on a rough sea, or on railway trains 
in motion. Professor Wbeatslone'ri new telegraplLq have been 
tome time in daily use at the London Docks, and between the 
, Houses of Parliament and the Queen's Printing-office, two miles 
In form these telegraphs are as portable and familiar as 
B quart pot or a loaf of bread. A circular bos, of the shape and 
tize of a small ship's compass, is placed over a battery of magnets 
il would go in an onlinary hat-case. The surface of tlie box 
resents a dial face, like a clock, round which are arranged the 
Btters of the alphabet, a sign or two, and ihe ten numerals. Op- 
Mite each of the letters — spreading out from tlie side of the box, 
n ornamental fringe round the dial-plale — is a single tongue 
if bmsti, resembling a large key of a German Ante. By pressing 
1 one of these tongues with your finger (opposite the letter 
k, for example) you cause a needle, like tlie long hand of a watch, 
point at the same letter on another dial, exactly similar in form, 
81 
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but emaller in siEe, placed under the eye of yonr corTMpondeiit T^ 
the other end of iLe wire, — if need be, miles off. -The di«lance of 
your needle-dial from your battery may be thirty milefi, or farther, 
according to the power of your magnets ; but the action of the 
letter-key u[>on the leller^eedle is instantaneous and infulUble. 
The same operation, accompanied by the same result, will indi- 
cate numeraU, according to a preconcerted sign, as the figures are 
placed rouni] the Iwo diahi, as far as tliey wUl go, in a circle oul- 
aidn the letters. If the battcrj' is portable, the corro.tp<Hiding 
machinery ia much more so, being even smaller lliim many an 
ordinary French mantel-shelf clock. The noedk-ilial is fixed in 
a small barrel, und fitted up so as to revolve like a micToeeope, 
and suit the height of the )>erwn obfvrviiig it A vnltaic bnttcry 
would be less costly lliun magnets, but more lialile (o get out of 
order in shop-stations. The whole apparatus, as it stands, would 
not take up half the spEiee ri-(|uirti] by a post-oflice dak, or re- 
quire any more intellect to work it tluin is re<]tnred lo write or 
road a letter. An average housemaid could receive and despntcJi 
a me««iigCi if the shopman hud just stepped roiuid the corner, 
providing the could tpcll n few words of one, two, or tbr«a 
ayliable*. 

Ulion the adoption of some auch apparatus as this — moM 
probably upon this particular machine — will depend the suoceaa 
of llio London Dii^lrict Telegraph Company. The whole acheme 
of po|iiilur letegnLphs runs in a circlet. Without sini|dieiiy and 
clearness of mai^hinery there can bo no exleii»iro fomialion of 
cheap stations ; without a number of cheap stations there can be 
no motlcrulc tariff of charg<» : without this moderate tnrifF there 
can be no general jinlroiuigu of lelegmphs by the great body of 
llio public. Without general patronage, again, there van be no 
mode rale tariff. 

Starling, as the company does, in some ilcgree, upon a senti- 
ment, by Miliciting the unpaid co-operation of numerous houAO- 
bntders and huidlords, it will be morally bound to phu^u itself in 
that ]iosition in which it can effect the greatest amount of public 
good at the lowest pu^ible tariff of ehargen. The trailing in- 
etincts of tt« board of directort will compel them to do this, if 
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the; ore not kept in ibe right palli bj any higher feeling. It 
will be fortunale, therefore, for Uie inGtro[)olitan public, that, 
though the electric Ehock may tiot alwnys be required with the 
B of ale, both may be included in tlic fourpcncc, when ab^M- 
ktuly nccesMiry. . 

THE DOT AND LIXE Al.PnABET.* 
the Iriicmph week of iliRt Great Telegraph ■which takes 
from the Atlantic Monthly, I read in the September 
imber of that joumnl the revelations of an observer who vita 
find tliat he had the jwwer of reading, as they pun, 
revelutions of the wire, I had the hojie that he was about to 
explain to the public the more general uae of lliia instrument, — 
which with a stupid fatuity the public has, as yet, failed to grasp. 
Because its signals have been first npplicd by means of electro- 
tnagnetiam, and afterwards by mennx of the chemical power of 
Ity, the many'headcd people refuses to avail itself, as it 
light do very easily, of the same signals for the simpler traoB- 
mission of inleihgenee, whatever the power employed. 

The great invention of Mr. Morse is his register and alphabet. 
He hitnself eagerly disclaims any pretension to the original con- 
ception of the use of electricity as an errand-boy. Hundreds of 
people had thonght of that, and suggested it ; but Morse was the 
first to give the errand-boy such a written message that be could 
not lose it on the way, nor mistake it when he arrived. The 
public, eager to thank Morse as he deserves, thimka him for 
■oiiiething he did not invent. For this he probably cares very 
,JiUle. Kor do I care more. But the public does not thank Wm 
what he did originate, — this invahiable and simple alpliabet. 
', as I use it myself in every detail of life, and see every hour 
the public might use it, if it chose, ! am really sorry for this 
negligence, — both on the score of his fame, and of general con- 
venience. 

Please to understand, then, ignorant Render, that tliis cnrioua 
Iphabet reduces all the complex machinery of Cadmus and the 

I * WritUm by Bar. Ednvard K. Hole (br tha AtluiUc MoDllily, October, ItfiS. 
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rest of ihe writing-niasti?ra lo characlets m simple as can be mnilp 
by a dot, & spaw, and a linp, variuusi/ combined. Thun, Hip 

marks designate ihe letter A- Tbo marks dtsignate 

tlie Idler B. All the other letters arc ilciigiiatcd in as simple a 

Now I am dripping myself of one of the private comforts of 
my life, (but wliai irill one not do for mankind ?) when I explain 
that tliia simple alphabet need not be cuuHncd to electrical sig- 
nals. J^aff and t/iort make it all, — and wherever long and 
8hort coo be combined, be it in marks, Munds, sneezes, fiunting- 
Ata, cones, or ebildrcn, ideaa I'an l»e conveyed by this arrange- 
ment of the long »nd short together. Only la^t night I was 
talking scandal with Mrs. Wilberforce at a summer party at the 
Hammersmiths To my amazement, my wife, who #careely can 
play " The Fisher's Hornpipe," interrupted us by asking Mrs. 
Wilberfbrce if she could give her the idea of an air in " The 
Butcher of Turin." Sirs. Wilbcrforce hod never heard that 
ojMra, — indeed, had never heard of iL Sly angel-wifc was sur- 
prised, — stood thrumming at the piano, — wondered she could 
not catch this very odd bit of discordant acconl at all, — but 
(^becked herself in her effort, as soon as I observed that her long 
notes and short nutus in their tum-tee, tee, — lee-lee, tee^um 
turn, meant, *■ He 's her brother." Tlic convenuiion on her aide 
turned from " The Butcher of Turin," and I had jurt lime, on 
the hint thus given me by Mrs. )., lo pass a grateful eulogium 
on the dislinguisticd statesman whom Mrs. Wilberforce. witli uU 
a sister's cnrc, had rocked in his baby-cradle, — wlunu, but for 
my wife's long and fhort m)les I should liave clumsily abused 
among the other statesmen of the day. 

You will see in an instmil, awakening Bcadcr, that it is not 
tlie business simply of " opcmtot^ " in telegraphic dciia lo know 
this MorM alphabet, but your business, and that of every man 
and woman. If our school -commit lees understood the limes, it 
would be taught, even before phonography or physiology, at 
schooL I believe both these sciences now precede the old Eug- 
luh alphabet. 

As I write these word', the bell of the South Cimgn-jruiionid 
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■ikes liong, (long, dong, dong, dong, dong, dong, 

ing, dong. Nobody haa unlocked the cliurcli-door. The old 
" In case of fire, the key will be found at the opposite 
hns loDg Hiace been taken dowD, and made ioto the noae 
iterpol. Yut there is no Goody Two-Shoca locked in. 
No! But, thanks to Dr. Clianniog's Fire-Alarm, the bell is 
informing the South End that there is a lire in District Dung* 
dong-dong, — that is to say. District No. 3. Before I have ex- 
plained to jou so far, the " Eagle " engine, with a good deal of 
noise, has passed the house on its way to that &led distrjcL An 
immense improvement this on the old system, when the engineit 
radiated from their houses in every possible direction, and the 
fire was extinguished by the few machines whose lines of quest 
happened to croas each other at the particular place where the 
child had been building cub-houses out of lucifer-niatches in a 
pa|ier- warehouse. Yes, it is a very great improvement. All 
those (lersoTis, like you and me, who have no property in Dis- 
DoDg-dotig-dong, can now sit at homo at ease, — and littlo 
^ed we think upon the mud above the knees of Ihose who have 
'■property in that district and are running to look atVer it. But for 
them the improvement only brings misery. You arrive wet* hot 
or cold, or both, at the large District No. 3, to find that the 
lueifer-matebea were half a mile from your store, — and that your 
own private watchman, even, had not been waked by the work- 
ing of the distant engmes. Wet property-holder, as you walk 
home, consider this. When you are next in the Common 
Council, vote an appropriation fur applying Morse's alphabet of 
long and short tu the bells. Then tliey can be made to sound 
intelligibly. Daijng ding iling, — ding, — ding daung, — doting 
doling daiing, and so on, will tell you, as you wake in the night, 
that it is Mr. B.'s store which is on fire, and not yours, or that it 
is yours, and not his. This is not only a convenience to you and 
a relief to your wife, and family, who will thus be spared your 
excursions to unavailable and unsatisfactory fires, and your some- 
what irritated return, — it will be a great relief to the Fire De- 
partment How placid the operations of a fire where none 
ind except on business I The various engines arrive, but 
31' 
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no throng of distant dtizena, men and boys, fearful of the de<itruu- 
tiuu of their idL Tbey hare all roiucd on ibeir pillows to le&rn 
that it is No. 530 Pearl Street which is in flames. All but [li« 
owner of So. 530 Feurl Street have drup|ied back to 8lcp|), He 
alone bas rapidly repaired to tbe scene. That is be, who «iiuidd 
in the uncrowded street with tbe Chief Engineer, on ilie deck uf 
No. 18, as she playa away. His property destroyed, tbe enginei 
retire, — be mentiooi the amount of his insarance to those per> 
sons who repreDcnt the daily pre)>s, tbey all retire to their homes, 
— and tbe whole is flaished a^ simply, aliooet, as was his private 
entry in bis day-book the nAeniooa before. 

This is what might be, if the magnetic alarm only struck lotiff 
and $fiori, and we bad all ktimed Morse's aJpbobeL Indeed, 
there is notliing the bells could not tell, if you would only gi*e 
ihem time enough. We have only one cbiroe, for musical pur- 
poses, in the town. But, withonl attempting tunes, only give th« 
bells tbe Mor<ic alphabet, and every bell in Boston might ebant in 
monotone the wonls of" Hail Columbia" at length, every Fourth 
of July. Indi'ed, if Mr. Barnnrd should report any day that a 
discouraged 'preniice-lwy had left Uiv/n for his country home, all 
Uio bells could instantly be set to work to speak articulately, in 
language regarding which the dullest imagiaalion need not be at 

" Tum acain. IlinHnbtiUoni, 
lard M«jfor of Boston I " 

I have suggested the propriety of inlrodacing this alphabet 
into lb* primary gehools, 1 need not say I have taught it to my 
own children. — and I have been gratified to see how rapidly it 
made head against the more complex alphabet in the gnunmar 
schools. Of course il does; an alpluibei of two characters 
matched against one of iwenly-siK, — or uf fony^odd. as the very 
odil one of the phonotypists employs ! On the Fnmklin-medal- 
day I went to the .Inhnson 8ebo«d examinatiini. One of ttie cum- 
mitlif askc-d a nice girl, what was Uie capital of Dra;elL The 
rliil'l looked linvl ami jHile, and. for an ini^ant, hesituitHl. But, 
liofijre slie bml time to cummlt herself, all answering wa'* ren- 
dered impossible by an awful turn of whoopin<,'-cougli which 
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of my ovn sans was seized nilli, — who had gone to Uii^ esami- 
nntion with me. Hawm, hem Wm; — hem hem bem; — hem, 
hem; — hawm, hero hem; — licm hem hem; — hem, hem, — 
bwrkeil ihe poor child, who was at the opposite exireme of the 
scliool-room. The .ipeetalors and the committee looked to see 
him fall dead wilh a broken blood-veseel. I confess tliat I felt 
no ttlarra, after 1 obBerved that soine of his gajps were long and 
some Tery gtaccalo ; nor did pietty little Mabel Warren. She 
recovered her color, — and, aa soon as silence was in the least 
restored, answered, " Jito li the capital of Brazil," — aa modestly 
and properly as if she hud been taught it in her enwile. They 
are nothing but children, any of them, — but that afternoon, after 
they had done all the Btnging the city needed for its annual enter- 
tainment of the singer^ I saw Bob and Mabel start for a long 
expedition into West Roxbury, — and when bo came back, I 
know it was a long fealherfew, from her prize school-honquet, 
tliat he pressed in his Greene's " AnftIyGis,"'witb a short frond of 
maiden's hiur. 

I hope nobody will write a letter to "The Atlantic," to say 
that these are very trifling uses. The communication of useful 
information is never triHing. It is aa important to SAve n nice 
child from mortilication on examination-day, as it is to tcU Mr. 
Fremont that he is not elected President If, however, the 
reader is distressed because these illustrations do not seem to his 
more benighted obaervalion to belong to the big bow-wow strain 
of human life, let him consider the arrangement which ought to 
liave been made years since, for lee shores, railroad collisions, 
and that curious class of maritime accidents where one steamer 
runs into another under the impression that she is a lighthouse. 
Imagine the Morse alphabet applied to a steam-whistle, which is 
often heard five miles. It needs only lotiff and short again. 
"Stop Cornel" for instance, when you send it down the rulroad 
line, by tlie wire, is expressed thus : — 



fery good message, if Comet hnppens to Ih! at the lelogrtiph sta- 
I when it comes ! But what if Comet has gone by ? Much 
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good will j-our irumpery message do then I If, howevpr, you 
have tliu wit to sooDd your long and aliort on an engine-wbislle, 
thus ; — Sere sere, sere ; scrceece ; sere sere ; acre sere aero acre ; 
«cre sere — sere, sere sere, screeeee acreeeee ; acre ; screeeee ; — 
why, ihen the whole neighborhood, for five niUes round, will 
know iliut Comet musl mop, if only they understand sjtoken lan- 
guage. — and, among othera, the engineman of Comet will under- 
Blnnd it ; and Comet will not run into that wreck of worlds which 
gives the order, — with his nucleus of hot iron and his tail of five 
hunilred Ions of coal. 80, of tlie signals which fc^-bells can 
give, attached to hghrhouses. How excellent to have them pro- 
claim through the darkness, "I am Wall!" Or of signals for 
steam.-hip-eDgineers. AVhen our friends were on board tlie 
** Arabia" the other day, and she and the " Europa" pitched into 
each other, — as if, on that happy week, all the continents were 
to kiss and join hands all round, — how great the rehef to the 
paj^engers on each, if, through every night of their passage, col- 
lision had been prevented by tliis simple expedient ! One boai 
would have screamed, " Europa, Europa, Europa," from night to 
morning, — and the other, " Arabia, Ambia, Arabia." — and nei- 
ther would have been mistaken, as one uufortunaicly was, for a 
lighthouse. Any passenger who has ever had a stateroom next 
the whistle will testify to the sense of secure comfort this nightly 
chorus would give him. 

The long and short of it i^, that whoever can mark distinctions 
of time can use this alphabet of long-and -short, however he may 
mark tliem. It is, therefore, within the compass of all intelligent 
heingf>| except (hose who are no longer conscious of the passage 
of time, having exchanged its limitations for Uie wider sweep of 
eternity. The illimitable range of thin nlpliabcl, however, is not 
half disclosed when tliis has been »tid. Must articulate hingunge 
addresses itself to one sense, or at most to two, sight and sound. 
I see, at I write, thai the [wrticular illustrations I have given are 
all of them confined to signals seen or signals heard. But the 
dolmnd-line alphabet, in the few years of its history, has ali«ady 
shown that it is not restricted to ihei-e two senses, but makca 
itself intelligible to nlL lla message, of course, is heard as well 
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as renxL Any good operator understands the sounda of ils 
upon tlie flowing strip of paper, as well na wlien he sees it, 
lie lies in his eol at midnight, he will expound the passing i 
sage without striking a light to see it. But Iliia is only \ 
may be said of any written language. You can read (his ar 
to your wife, or she can read it, as she prefers; that is, 
chooses whether it sh^ address lier eye or lier ear. But tbe 
long-and-short alphabet of Morse and liis imitators deapi: 
nartxiw range. It addresses whichever of the Are senses tii» 
listener chooses. 

This fact is illnslraied by n curious set of anecdotes — never 
yet put in print, I Ihink — of that critical despatch which 
night announced General Taylor's death to this whole land- 
Most of llic readers of these lines probably read that despatch 
the morning's paper. The compositors and editors had read iL 
To all of them it was a despatch to the eye. But half the oper- 
ators at the stations heard it licked out, by the register stroke 
and knew it before they wrote it down for the press. To them 
it was H despatch to the ear. My good friend Langenzunge had 
not that resource. He had just been promised, by the Gcnerd 
himself, (under whom he served at Palo Alto.) the office of Su- 
perintendent of the Rocky-Mountain Lines. lie was retuminjf 
from Washington over the Baltimore and Ohio Railroail, 
a freight-train, when he heard of the President's danger. Lao- 
genxungc loved Old Rough and Ready, — and he felt badly about 
his own office, too. But bis estempore train chose to sli 
forsaken sbanly-villagc on the Potomac, for four mortal h 
mlilnighl. What does he do but walk down the line into tlNF 
darkness, climb a telt^raph-post, cut a wire, and apply the two 
ends to his tongue, to ta»tf, at tbe fatal moment, the words, " Died 
at half past ten." Poor Lnngenzunge ! lie hardly had nerve 
solder the wire again. Cogs told me that they had just fitted up 
(Ite Naguadaviek stations with Bain's ebemieal revolv 
This disc ii* charged with a salt of potash, which, when the eleclrie 
spark passes through it, is changed to Pnimian-blne. 
Bpntch is noiselessly written in dark-blue dots and lines. 
the disc startod on that fatal despatch, and Cogs bent i 
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read, hia Bpirit-lomp Wew up, — as the dear things wilL They 
were beside tliiiinaelvea in the lonely, dark office ; but, while the 
men were fumbliiig fur matches, irhicli would not go, Cog^'d 
aistcr, Nydio, a eweet blind girl, wlio hod leaniod Baiu'a alpha- 
bet froin Dr. Howe at South Boston, benl over the chemical 
pajier, and tmtU out the prus^iate of potash, as it formed itM.'lf 
in lines and dots to tell the sod story. Almost anjbody used to 
niading the blind books can read the embossed Alorse messages 
with the finger, — and so this message was read at all the mid' 
night way-stations where no night-work is expected, and where 
the compiknies do not supply fluid or oil. Within my narrow 
circle of acquaintance, therefore, there were lliese simultjineous in- 
stances, where tlie same message was teen, heard, sroclhil, tnsied, 
and fciL So universal is the dot and line alphabet, — for Bain's 
is on the same principle as Morse's. 

Tlie reader sees, therefore, first, that the dot and line alpliabct 
can be employed by any being who has command of any long and 
short symbols, — be they long and short notches, sucii as Itobin- 
gOD Crusoe kept his accounts with, or long and short waves of 
electricity, such as these which Valentia is sending across to tlio 
Mewfouiidhuid Bay, so prophelicully and appropriately named 
"The Bay uf Bulls." Also, I Itope the reader sees that the 
alphabet can be understood by any intelligent being wlio has any 
one of the live senses lefV him, — by all miionul men, that i^ 
excepting tlis few eyeless deaf persons wlio have lout both taste 
and sni'4l in some complete parulysis. The um> of Morse'a 
telegraph is by no means confined lo the Email clique wlig 
possess or wlio undcr»land electrical bnllcries. It is not only the 
loqwOo or the Ggmnolu* ttrctririu that can send us messages 
from the ocemi. Whaler in the sea can tek^ntjih na well as sen- 
alors on hutd. if they will only note the difference between bug 
spouliiigs and uliort ones. And they can listen, too. If they will 
only note the difference between long and fibort, the eel of Ocean's 
bottom may feel on his slipgiery tJiin the smooth meninges of our 
Presidents, and the cat-fish, in hiii darkness, look fearless on the 
secrets of a Queen. Any beast, bird, fi*ih, or iiisi<ct, which con 
discriminate belwccu lung and bhort, may use tlio telegraphic 
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alplkabet, if he have seose enough. Any creature, which c 
hear, smell, taste, leel, or see, may take note of iu signals, if be 
can uudcfslaiid them. A tired listener at church, hj properly 
varying his long yuwDs and his short onea, may eipress his opin- 
ion of the sermon to the opposite gallery before the sermon t 
done. A dumb tobacconist may trade with his cualomera in ai 
alphabet of short-sixes and long-nineg. A beleaguered Sebaao- 
pol may explain its wants to the relieving anny beyond the line 
of the Chernaya, by the lispings of ild short Faixhans and its long 
twcnly-foura. 

THE TELEGRAPH." 

Thou lonely Buy of Trinity, 

Ve Ineky ehores ontrod, 
LeuD, breathlem, to the nliilo-lippcd sea 

Anil bear the voice of God ! 

From world to world His (uuriGK Ay, 

Tboughl-vingtd and aliod with fire ; 
Tbc angtl of His Etomy aky 

Rides down (ho Eanken wire. 

What sBith the herald of the Lord ! — 

"The world's long strife ildone! 
Ctole wedded by that mjsEic cotd. 

Her ctintinenia are one. 

" And one in heart, as one in blood. 

Shall all her peoples be ; 
The hondt of hutnan hrotbeihood 

Shall dup tieneath the lea. 

" Throngh Orient seas, o'or Afric'i ploia. 

And Asian moo mains borne. 
The Ti|n>r of iho Northcni brain 

Shall nerve die world outworn. 

" From rlime to clime, frnm shore to there, 

Shall thrill the magic thread ; 
The new Promcthens steals once more 

The fire that wakes the dead. 



,ar,lo! the full of ClnMo'ii wau, 
Bpaee mocked, and Time outran 1 
And round ihc worlJ, tbc thought of «a 
Ib OB the thought of one 1 " 

O, terarenlly and ihuikfaU? 
The mighty wonder own 1 
The deaf can hear, ilio blina may kgo, 

The work is God's alone. 
Throb oo. Btioog palee of thnndert bc« 

From answering bench tu beadi 1 
Fuse nations in thy kindly hMt, 
And mult the chains of each ! 

Wild terror of the sky above, 

Glide lamed and dumb below I 
Beat g™tly, Oceui"!' »rrier-dove. 

Thy crrande lo and fro I 
Weave on. swift shutUc ot the Lord, 

Bcaealb the deep so fur. 
The bridal robe of Earth'* accord, 

The tunoral shroud of war 1 
The poles unite, tbc wnca agree. 
The tongues of Btriving cease ; 
Ai on Ihc Sea of Galilee, . 

I TboChriBti. whisperrne, "Pe«»tJ 
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eonductcil upon nny ordinary means and expense, to avoid ; 
Damely, l]ie inetnflii-ieni-y of tlie wiru at tlic puinta exposed to 
ibe violence and action of the windn, to breaks and crossings. 

On sections between Harlem and Bridgeport, the crossings hava 
been most frequent, and in fai't cuuslant. This has arisen from 
the alaeknesa of the wires, as originally put up, under a conviction 
expressed by the President to the workmen in charge of the work 
of putting up, and derived from alterations made in the suspension 
of the wires on the Southern line, that this mode would relieve 
the wires from breaks. To a eonsidemble extent it has proved 
GO, aa fewer breaks have been experienced on that section than on 
corresponding distances of other sections. But, while breaks have 
thus been avoided, crossings have been multiplied. 

" Along the entire line in the State of Connecticut, and a por- 
tion of Massachusetts, the wires are ex|>oded to a much more rak- 
ing sweep of the winds from the seaboard than on other stations. 
Heucc, during every storm, many more breaks have occurred there 
than elsewhere. Duriug the late great storm, about one hundred 
and fevenlg breait were reported in the distance of about thirty 
miles, between New Uaren and Ilartlbrd, wliile on one hundred 
miles, from Boston to Springfield, only a half-dozen breaks oc- 
curred. At Washington Bridge, (he tojimost of the mast was 
broken, although sustained by iron guys; and at Bridgeport the 
mast was entirely broken up and overthrown. A new topmast 
is being refitted at the former place, and at both places temporary 
connections of the wires have been arranged. Twelve hundred 
feet of the wires, at Connecticut River, were swept off with the 
overthrown bridge of the Raihoad Company, and wires sub- 
elitutcd temporarily on the stone piers remaining. Such ara 
the outlines of the late damage to the line. But since these . 
have been rejiaired, many breaks have occurred, evidently from 
the tension produced in the wire during the storm, and manjr 
more may be anticipated. And it is most manitest that, from 
the exposed condition of the hne along the seaboard, s 
more numerous and expensive iii3[>ection force will be needed 
beyond the original supposition, in order to keep the line in 
good condition fur work, and to have repairs made prumptlyt 
82 
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and especmlly to make tho second wire available against cross- 
ings. In foci, I am persuaded that, with the present size of wires, 
and without n much wider separation of thom, no confiilence con 
be entertftineil in the practicability of keeping the two wires apart 
for indej)cndent operations lor anj considerable distance, or any 
considerable length of time. And, considering the two causes of 
interruption of tlie line that will and must be pcq>c(ual1y occur- 
ring with the present wires, viz. breaks and crossings, I do not 
hesitate to report it as a matter of positive interest and economy 
for the Company to authorize a sale to be mode of at least one 
line of the present (copper) wire on the best terms practicable, 
and the substitution of an iron wire of at least 250 to 330 pounda 
to lite mile, either galvanized with zinc, or prepared with Bome 
cheaper if less enduring preventive of oxidation, and without any 
avoidable delay. 

"Tlie wire of one line may be sold at from 18 to 20 cents per 
pound, and for nearly enough, probably, to purchase the rcqubite 
Iron wire. The expense requiring immediate outlay would be 
that of taking down and transporting to market the copper wire, 
and the transporting and putting op of the iron wire. A part of 
tbe needful force for putting up, as well as taking down, we have 
in our inspectors already employed along the line. If means 
cannot be obtained otherwise to meet this neees^ry outlay, pro- 
vided your board shall sanction it, I will endeavor to accomplish 
it with my own private means and credit, and add it to the exist- 
ing indebtedness of the Company to me- With two wires of 
suitable diameter and xtrength, wc should not only have a line at 
all times far more reliable in respect to integrity, hut abo one not 
more than half as expensive of ins|>cctiau as the present lines. And 
until this be accomplished, I do not candidly believe the line can 
be made cither creditable or profitable to any party. With this 
accomplished, I feel confident its reputation and productiveness 
will answer every reasonable expectation of the stockholders and 
the public. 

" Experience has demonstrated, that, when the line is in a reli- 
able condition, the average receipts of each through wire would 
not be less than eeventy dollars per day, with business enough 
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for two through wires, while a way wire would jirobably pay its 
own expends, and those of inspecting the entire line- 

" Wilh these facta before you, I respectfully request your action 
and ndrice in the premises, as you may deem for the interest of 
all parties concern ed." 

The fallowing Buminary of a report from Air. Smith to the 
stockholders, dnted New York, September 5, 1848, shows the 
condition of the lines two years later. Mimy of the grave diffi- 
culties enumerated by Mr. Smith in this report will cause a smile 
Kt the present time, when similar ones are eo easily sunnounted. 

" Recurring lo the financial considerations of the line, ihe opei^ 
Btions of the past year nill be found, on analysis, well calculated 
to encourage steady perseverance, and aSbrd the assurance of an 
nlttmalc recompense for the capital that is employed ; and lliis, 
notwithstanding the line baa been in tlie mean time subjected t< 
Ihe most frequent and perplexing interruptions, and consequently 
to very large losses of revenue. 

" The principal of these interruptions and losses have a: 
from the constant and continuous changes which have been prose- , 
cuteil by the Western Railroad Company, in the removal of old 
and construction of new depots and slorehouses, and tor laying a , 
second track along the entire line of the road, from Worcester lo ' 
Springfield, a distance of sixty miles ; and also on a section of the 
Harlem Itailrood by the latter company, for a distance of aboat 
en miles, with reference to accommodating, on a new trade, 
Ihe New Haven Railroad Company, whose road is in the procets 
)f constniction. 

"Tliis hitler enterprise has, moreover, most seriously affected 
the line, liy a. removal lo a new site of the draw of the Washing- i 
ton Bridge on the tlousatonlc River, thereby renilering an ex- 
pensive mast, erected at that point by the Association, of no use 
ibr the puq)ose of its erection, and subjecting the line, in addition 
thereto, to several interruptions daily at the new draw, as abo to 
lai^e additional expwnsea of inspection, as well as heavy looses. 
I have arranged for the construction of a tower at this point, ti 
remedy for ever, as I trust, the recurrence of a like disaster there < 
to the line. The coat is estimated at $ 350. 
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" Along tlie distances epeciflcd on llui We^lem C 
the Harlem Rooil, a very large porlioD of the oi 
the line have been displaced and reset with far more expense 
than would liave been requisite to build an entirely new line of 
like length. At several poinis on llie Woreester Kailroad, alao, 
removals of poats have been required by tlie various improve- 
inentg tliat have been in progress there ; and I have been for- 
mally reijucsled to have all the posts of this forty milea of line 
eltanged to either one or the other side of ibe road, so as to allow 
of no crossing of the roud by the wires of tbe line. 

" From theae combined causeit, to avoid which no effort could 
be availing, the line, during the past year, has been intcrnipied, 
on uD average, one day in every eix, causing an average differ- 
ence iu the financial condition of the line of full S 100 for each 
day of interraption, or an aggregate loss exceeding S 5,000 

" During tbe past winter, one section of the line between Wor- 
cester and Boston suffered most seriouslj and expvensively from 
the extraordinaiy accumulation of frozen snow on the wires. The 
BDOW, in this instance, depressed them between the posta vilh a 
weight estimated to be equal to five hundred pounds on each 
wire. And where lliis occurred at curves of the road and of tbe 
line, tbe wires were brought within striking reach of the engines 
and cars, and the result of the conflict was a dangerous exposure 
of the latter to accident and injury, and a total prostration of the 
wires of the Une for long distances in advance and in tbe rear of 
the point of contact The loss of revenue, and the simullancoua 
progress of ordinary ex|>enses with the cost of repairs hi the 
midst of winter snows and an icy atmosphere, were, in this single 
instance of interruption, not short of one tiiousand dollars to the 
Association. 

" This seemingly endless catalogue of accidents nnd hindernuces 
incident lo the conjunction of telegraph lines with a railroul. and 
especially in this climate, with each under a distinctive adniinis- 
tralion, and of wliich an impatient public takes but little count in 
their strictures on tclegrapb lines, and tbe great losses consequent 
therefrom, illustrated to tbe Directors of this line ibe great error 
involved iu the preference hitherto given to railroads over public 
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coMOtry roailB for ihe sile of telegraphs, and intluceil their ad- 
vice and resolution to authorize and hasten as much as [wssible 
the absolute removal of llieir line, at least one wire of ii, trooi 
(he Western Railroad, as also from the Harlem Soad. This was 
seen to involve a new expenditure of a largo amoant, and of 
course equal to the construction of that extent of new line ; and 
causing, moreover, a postponement of an immediate dividend in 
money to the stockholders, which otherwise might be made. 

" But looking more to the permanent and prospective interests 
of the Association, and aiming nt no speculative ends in the im- 
parling of a fictitious value to tlie stock of the line, by paying 
out its revenues in dividends, rather than in an essential and 
most important improvement, which the welfare and continuous 
success of the line demanded, tlie work was decided on, and haa 
now been nearly accomplished, and this with No. 9 iron wire, 
and such improvements in the size of the posts (there being none 
less than six inches in diameter at the top end), and in their in- 
creased number (thirty-five to the mile), and in the form, strength, 
and durability of the insulators, and in the avoidance of curves 
and angles in the direction given to the wires, whenever practici^ 
bic, as to secure a telegraph structure that is unequalled in those 
particulars by any other yet constructed in the United States. .... 

" The aggregate of receipts of the line from the first of Au- 
gust, 1847, to the first of August, 1848, is $34,835.14 ; the ag- 
gregale of expenditures, S3(i,034.14. Of this exj>enditure, 

There has been appropriated in extinguishment of 

debts due at the commencement of the la^t year, . S7,21€.51 

Salaries of officers, operators, inspectors, messengers, 14,917.78 

Rents, 981.25 

Office fixtures, 609.46 

Battery 967.9* 

Tools and registers, 383.67 

Collections for, and payments to, other lines, . . 3,090.78 
Lights, fuel, porterage, printing, stationery, freight, &<u, 2,S9G.06 
Repairs, and towards new line (the former item 
amounts to aVwut $ 1,000, leaving $4,371.69 to- 
wards the latter), 5,371.69 

Total, $36,035.1* 

32* 
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"Tiic ^ums of indebtedness, existing at tlie commencement of 
the jear just lenninated, and since paid out of its revenues, 
lUnouDt to $7,216.54. This sum added to the Rum of $4,371.69, 
expended towards the construction of the new aecUon uf line, 
make an aggregate of S 11,588,23, equal to the apportio:imciit of 
a dividend of nine per cent on the whole cnpil&l of the A.-<socia- 
tion paid in, and exelusivo of keeping the line in repair and 
paying its ordinary expensea. If (lie losses by interruptions 
were superadded, the net earnings of the line would have been 
equal to a dividend of Hfleen per cent to (he slockliolders 

" The legislative act of Connecticut, passed May, 1848, is not 
in its history altogether creditable to either the sense of justice 
or eoi^ncity of the legislators of that Slate. At the same time, 
in its provisions there is nothing seriously objectionable, if our 
Association be desirous of invoking the protection of statute law, 
additional to that which the laws of Congress and the common 
law everywhere throw around our patented privileges and the 
capital employed under them. 

** Connecticut had, at a previous session, passed a penal law 
for the protection of our line against wilful injury, and granted 
also a charter of incorporation for our Association, lioih of 
those acts are now repeale<l by this late act, and without any pre- 
vious notice to parties known to be specially interested therein. 

" The charter, however, was never accepted, and we never had 
occasion to put the penal law into requisition. For the some 
moral sense of mankind that recoils at the thought of villany 
which would poison the sources of our public fountains, or pur- 
posely impregnalo an atmosphere which oil must inhale with the 
invisible agenLi of fatal diseases, seems everywhere in our land 
to have characterized the feelings of the people of all classes 
towards the telegraph, and to como up to its protection and pres- 
ervation, regnr<lless of what the law either requires, or legislators 
may designedly omit to forbid and punish. 

" In view of this pleading and praisewortliy consideration, 
fininded in the deep and honorable regards of the people of Con- 
necticut, no less tlian of those of other States of onr happy con- 
federacj, for all agents honorably engaged in the diffusion of 
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public and private intelligence, I may remark, that, wlmtever 
1 atny liave been die motive of (lie summsry proceedings in qiies- 
[ tion of the late Connecticut Legislature, its force will probably be 
i ipent without harm to the interests of thia Aasocialion, though 

I Done of the proffered boons of that law be accepted by us 

" The grant of a charter by the Massachusella Legislature is 
Mill open to the acceptance of this Association. There would 
be some advantages incident to its adoption, while it might ex- 
pose the administration of the telegraph lo unwelcome interfer- 
ence in new legislation, if once subjected lo the jurisdiction of the 
State Legislature. It ia not doubled that a Legislature so distin- 
guished for its guardianship of worthy enterprise as that of Mba- 
sachnseits has hitherto been, would in the end accord ample 
: to the wants of the telegraph ; but the interests, and 
affairs, and conducting of the business of the telegraph are so 
unique, and to many minds so mystical, as to expose them to 
most hasty and unmerited censures, and groundlesa prejudice, 
whicli nothing but time and that patient incealigation which ia 
seldom accorded by fault-finders can rebut. I am inclined, how- 
ever, to the opinion, that our interests will always be safe under 
the protective policy of Massachusetts legislation and jurispm- 

dence 

person who has not been in the immediate charge of a 
' telegraph can at all appreciate the multiphcity and endless suc- 
cession of cares and perplexities incident to such a position ; and 
the indisposition of the public and of the newspaper press to tol- 
erate any failut>e, however unavoidable, in the working of the 
telegraph, renders the business exceedingly irksome, thankless, 

and disagreeable 

" A claim has arisen against the Association, out of ordinaiy 
occurrence. At Bridgeport, where a man's house was injured 
by lightning, in the immediate vicinity of the line of telegraph, 
he conceived the calamity attributable to its influence. On care- 
ful investigation, in conjunction with Mr. Pettingall, the resident 
_ Director at Bridgeport, it satisfactorily appeared that the agency 
^k of the line was exactly opposite lo that supposed by the injured 
^^ party; namely, to the extent of the capacity of the wires as an 
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electric conductor, it hud allevialed and carriod off Ihe almos- 
pherio cliai^e from tlie point of its explosion in tLe vicinity of the 
■DJured house. This being understood, I hare not heard of onj 
renewal of ihe claim." 

From 184^ to the autumn of 1649, tlie above line was the 
only one cxlending between Boston and New York, and conse- 
quently it had the monopoly of the business; but in the latter 
year two competing lines, the House and the Bain, were cou- 
Btructed between these points, and the business was divided 
between the three, until July, 1852, when the Buiu and the 
Moree (or magnetic) liuea were united, under the title of " The 
Now York and New England Union Telegraph Company." 

The foliowiog statement eithibils the receipts of the Union 
Company's lines from July, 1852, to July, 1859, inclusive. 



Beccipts for the 


year ending July, 18S3, 


. S 82.214.10 


K 


" " 


*' 1854, . 


79,1383.73 


" " 


" " 


" 1853, 


. 101,307.98 


" " 


" " 


" 1856, . 


102,151.78 


" 


" " 


" 1857, 


. 103,134,06 


" " 


" 


" 1858, . 


98,097.73 


" 


" " 


" 1859, 


. 96,136,06 


Total for 


seven years, 




• . S GG2,72o.50 



During the past seven years there has existed a competiqg 
line, using the House and Hughes printing instruments, between 
the points re4iched by the above, which has transmitted the entire 
press reports and a large amount of private despatches, probably 
as great as that transmitted by the Union Company. 

The receipts of the printing lines could not have fallen short, 
and probably considerably exceeded, those of the above Com- 
pany; but placing them at the same amounts, we have as the 
total receipts for despatches transmitted over all the lines be- 
tween Boston and New York, for the past seven years, 
$1,325,451! 

The increase in the receipts for the year 1853 over 1848, an 
inteiTTd of five years, would, according [o the above figures, be 
9 hundred per omt. 
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Total receipts of the Hou»e and Union lines for 1853, S 1 64,428.33 
Total receipts of the Magnetic line, 1846, , . S4,835.14 
Increase in 1803, . . . . S 129,593.18 

Mr. F. O, J. Smith, who haa always hcU n controlling interest 
in the Union Company, and posaesaeil valuable rights in the 
Mor§o patent, has recently sold out tiis entire interest to the 
American Telegraph Company, for $300,000. 

HESISTANCES OF MORSE, PHELPS, AND HOUSE COILS. 

We are indebted lo Mr. E. B. Elliott for the following Btate- 
ment of some interesting expcrimentg conducted by Mr. Uosei 
G. Farmer and himself. 

From carefully conducted experiments it appeared that the 
resistance of the coils of "Phelps's call" is equal to 16.3 miles 
of No. 9 iron wire. The resistance of the coil of the Honaa 
printing instrument was from 72 lo 90 miles. That of the Morse 
"relay," a» onlinarily made by Messrs. Palmer and Hall, varied 
from 8 to 16 miles. 

The " call " alluded to is nsed in connection with the printing 
inalrumcnt to reduce resistance. The wire is finer and the call 
smaller than tbc Morse relay, as usually made at the establish- 
ment of D. Davis, Jr. (Palmer and Hall, successors). 

The House coil alluded to al)ovc was n large heUx of the 
House printing instrument, made by Mr. J. B. Richurds of New- 
York. The resistance of this helix, therefore, according lo the 
ftbove carefully conducted experiments, was from four lo six 
limes that of the " Phelps call," and from six to eight limes the 
resistance of the receiving magnet of Palmer and Hall's make. 

MAGNETOMETER, 

Tbe magnetometer represented in Fig. 89 is designed to 
measure the magnetizing power of galvanic currents. It con- 
sists of a vertical electro-magnet, of the U form, with an arma- 
ture above it, attached to the short arm of a balanced lever. 
The long arm of Ihe lever is graduated decimally, to measure, by 
means of weights of from 100 to 10,000 grains, the force re- 
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quired lo detach the anoaturc from the elect ro-magnet whi 
connected wiih the buttery wliose power is to be detcrtaJDed. 



I 




Fig.es. 



The lever is supported on an axis with knife-edge bearings. 
Tbe armature tnaj' also be suspended on knire-edges attached lo 
the beam. On the under euriace of the armature is brazed a 
thin plate of brass, to prevent its adhesion to the poles. A dif- 
ference of magnetizing power of 10 graioa can be esliroated in a 
series extending from 100 to more than 100,000 grains, or the 
limit of saluraiion of the magnet. Two sets of serew-cups will 
be seen on the board ; one of these is connected with a short coil 
round the magnet, the other with a long coil. By making this 
long coil of fine wire, the instrument compares currents differing 
in their intensity. Two batteries are first eBtiranied as to quan- 
tity, by their magnetizing power tliroiigh the nhort coil. Their 
relative intensity is then shown compared with their quantity, by 
their magnetizing power through the long coil, their intensity be- 
ing in mathematical proportion to the conducting-power of the 
wire for each, and therefore to the amount of electricity which 
passes. In comparing the power of different butteries, — a mat- 
ter of some practical importance, — this instrument gives a rapid 
ond uniform result. 

Instead of using a long coil of wire, surrounding the magnet, 
in estimating intensity, the current may be passed tlmjugh a de- 
tached coil of fine wire, and through the short coil of tlie Instru- 
ment, which would give a similar result. 
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THE TELEGBAPH AS A DETECTIVE AGENT. 

Among the geacral uses of the telegraph to the public, many 
examples of the detcclioa of crime are mentioned. It is generally 
known that the notorious Tawell, after the eomnmsion of tlic mur- 
der of Sherwood, started for London from Slougli, by the Great 
Western Bailway. Notice of the crime, and a descripiion of bis 
per^n, however, flew with the speed of light along the wires, 
and arrived at Paddington so much earlier tlian the murderer 
himself, that upon his arrival he was recognized, tracked from 
place to place, finally apprehended, tried, convicted, and exeeulcd. 

One night, at ten o'clock, the chief cashier of the Bank of Eng- 
land received a notice from Liverpool, by electric lekgrapli, to 
stop certain notes. The next moruing the descriptions were 
placed upon a card and given to the proper officer, to watch that 
no person exchanged them for gold. Within ten minutes they 
were presented at the counter by an apparent foreigner, who 
pretended not to speak a word of Englii^h. A clerk in the office 
wlio spoke German interrogated him, when he declared thai he 
bad received them on the exchange at Antwerp, six weeks before. 
Upon reference to the books, however, it appeared that the notes 
bad only been issued from the bank about fourteen days, and there- I 
fore he was detected at once an the utlerer of a falsehood. The 
terrible Forrester was sent for, who forthwith locked him up, and 
the notes were detained. A letter was at once written to Liver- 
pool, and the real owner of the notes came np to town on lUon- 
day moniing. He stated tliat he was about to sail for America, 
and that whilst at a hotel he had exhibited the notes. Tlie per- i 
son in custody advised him to stow the valuables in Iiij jwrt- 
manlenu, as Livcqxwl was a very dangerous place for a man to 
walk about with so much money in liis pocket The owner of 
the properly had no sooner left the house than bis adviser broke 
open the portmanteau and stole the property. The thief was 
taken to the Mansion House, and could not make any defence. 
The sessions were then going on at the Old Bailey. Though no 
one wliD attends that court can doubt that impartial justice and 
leniency are administered to the prisoner^ yet there is no one 
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wbci iiovs not marvel at the truly railway speed with which ilie 
triuU arc conducKil. By a little after ten, the next morning, — 
mull was llie speed, — not imly was a true bill found, but the 
trial by [wtiy jury was concluded, and the thief senteuced to 
expiate iiis offence by ten yeara' Iran ^portal ion. 

The following is extracted from llio telcgrapli book jircscrved 
at ibe Paddington station : — 

" PaddingtoD, lO.grt A. M. — Mail train just started. It eon- 
tains three thievci, named Sparrow, Burrcll. and Spurgeon, in 
the first compatlment of the fourth l)rst'clas» carriage." 

"Slough, 10.48 A. M. — Mail train arrived. The offietn 
Awe ctmtiontd the tiirrt thintt" 

" Paddinglon, 10.50 A. M. — Special train just Irft. It em. 
tained two tliieves : one named Oliver Martin, who is dretsed in 
black, crape on hi* hat; the other named Fidiller Dick, in black 
tniu9i-rs mid light blouse. Both in the lliird compiulment of the 
first Beeoiid^rlHss cartiage." 

-Slougb, 11.16 A. M. — "Special train arrived. Officers 
have taken llie two thieves into custody, a lady having lost her 
bag, roiitaining a pime with two sovereign! mid soine silver in 
it; one of the sovereigns was swum to by the tady a« having 
been her proiieriy. It was fouivd in Fidiller Dick's watch-fob." 

It appt^ars that, on the arrivid of the train, a policeman opened 
the door of the thiid oompartmcDt of the first second-class car- 
riage, and licked the passengers if they had misscil anything. A 
search in porkcts and bags aecordin^y ensued, until one Isdy 
callr<I cut llmt her purse was gone. " Fiddler Diek, ynu are 
wanted ! " whs the immediate demand of ibe poliee-ofliriT li<-i'k- 
ooing to thn oulpint, who eame out of the oimagc thunderiitruek 
at the discovery, and gave himself up, togrlhcr with the liooiy, 
with the air of a completely l)cnten man. Tlic cfTecl of the rap- 
turo so cleverly brought about is thus spoken of in tlie telegraph 
book: — 

■* Slough, 1 1.51 A. M. — Several of the suspected person." who 
came by the varioui down-irains are luiliing about Slough, uttei^ 
ing bitter invective" against the telegraph. Not 
cautioned has ventuitid to llie Monlem." 
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r after this the lighl-Hngcrei] gentry avoided the railway 
I tad tlie Coo intelligent compuiiion ihut ran beside, and belook 
■ itLeiuBelvea again to the rood, — a retrograde step, to which on all 
\ great occasiona they coatinae to adhere. 

THE ASSOCIATED PRESS OF THE UNITED STATES. 
The telegraphic news reports of the American press have, by 
their remarkable accuracy, and the enonuou!) amount of matter 
daily presented in them, excited the surprise of the presa of nil 
other counlriea. A single issue of many of our metropolitan 
journals oflen contains three or four columns of telegraphic news, 
whieh, at the usual rales of tolls, would amount to at lea^t S 300, 
— a 6um quite hcyond the ability of even the leading London 
newspapers to pay diiily. By what arrangement, therefore, is the 
press from Maine to Texas supplied with every important event 
which transpires in any part of our vast country within a few 
minutes of its actual occurrence ? Some ten years since the 
leuding journals in New York associated themselves together for 
the purpose of collecting, and sharing the expense of telegraph- 
ing, the most important items of news from all parts of the world. 
A general agent was npjMiinied to superintend the practical 
operations of the system to be introduced, whose head-quartera are 
in New York. Other events are located in all the principal cities 
of the United Slates and British America, and in some of the Eu- 
ropean cities. Subsequently lo the formation of the New York 
association, nearly all the daily newspapers in the United Slates 
became associated with it. Everything of interest occurring in 
any part of this eountiy is telegraphed at once lo the general 
oflice in New York, copies being dropped at all intennediate 
points on the route, and the other parts of the country being 
•applied from the central office. 

The annual expense of the press reports for the United Slates 
la about 8200,000, of which the New York press pays about one 
half, and the remainder is divided among the diflerent members 
of the association in other sections of the country, — the larger 
cities paying the bulk of the expense, while the country p^>eis 
are only taxed some S 30 or S 10 per month each. 
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The larger ghnn? of iho prma reports cwmea over Ibc wlrea 
during the night, — commcnciag about G o'clock P. M. and coH' 
cJnding generally about I o'clock A. HL, but not nnfreqncnily 
continuing aa late as 4 o'clock, and sometimefi all nigliL Wc Iiave 
sometimes bctn oceugiied in fending press news wlicn llie sun 
deocended bcluw the boriion and when it arose tlie next morning, 
having continued at our post during the entire night. During 
the sej^ionfl of Congress the reports arc ibc fullest, and towards 
(he period of ailjourament ihe wires are occupied until a lalo 
hour every niglii in tnuismitting iheir doings. 

One of tlic cHflieat feals, sUbt the extension of the telegraph 
lines w««t to Cincinnati, was brought about by the agency of the 
New York Ileratd, before any re^ilar association of the pnsss 
w«s formed in New York. 

It became known ihat Mr. Clay would deliver a speech in 
Lexington, Ky-, on the Mexican war, which was llien (18-17} ex- 
citing much public allenlion. From Lexington lo Cincinnati was 
eighty miles, over which an express had to be run. Horses were 
placed at every ten miles by llio Cincinnati agent. An ex;N:rt 
rider was engaged, and a shorl-liand reporter or two stationed in 
Lexington. When they liaii prepared his speech it was tlien dark. 
Tlie expressman, on receiving il, proceeded with it for Cincinnad. 
The night waa dark and niuy. yet he accomplished the trip in 
eight hours, over a rough, hilly country road. The whole speed) 
was rcoeivisl at the IlembI office at an early hour the next morn- 
ing, nltbuagh tJie wires were iniemipled for a short time in the 
night near Pittsburg, in consequence of the limb of a tree having 
fallen across Uiem. An enterprising operator in the Pittsburg 
oflice, finding comma nication suspended, procured a horse, and 
rode along the line amidst tJic darkness and the ruin, found the 
place and ihv cauxv of the brenk, which he repaired ; then re- 
turned to the office, and lininhed i^mding Iho speecL The expense 
i>f forwarding ilie speeeb by cxjiress and telegmph amounted to 
about 9.W.t. 

Uy the rules of the Associated Press, no journal ran receive 
an exclusive dcApaich from any other points than Waahington 
and Albany. The propriety of this arrangement is obvious, for 
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if each member of llic press were allowed to receive exclusive 
I telegraphic ilcgpatcliefi, there would be a constant rivalry to see 
I which would outstrip llie other ; llic result of which would lead | 
j to the breaking up of the association. J 

RAPmiTy OF THE COMBINATIOS IKSTBUMENT. | 

On Monday, March 12th, 18G0, there were trBnsmitled over 
one wire, from Boston to New York, 204 private messages, con- 
taining 7,4iiC words, and 600 words of press news ; and from 
New York to Boston, over the same wire, 253 mcMages, con- 
taining 8,U57 words ; making a total of 17,013 wonls. The lime 
occupied in transmitting this largo number of words was nine 
houre. The length of the circuit o[>erated is 260 milctt, and tlie 
weather was rainy during the day. The despatches were all 
printed in plain Roman letters by the Combinalioo instrument, 
and accurately punctuated. 

Messrs. Grace and Edwards were the operators at the Boston 
and New York termini of the line. 

WORKTCO SF\T-RAL TELEGRAPH LTJJES FROM OSE BATTERY. 

Mr. £. B. Elliott, of Boston, read before the American Acad- I 
emy of Arts and Sciences (he following interesting paper upoa I 
the above subject, Tuesday evening, March 27, 1860 : — 

"Regarding the supplying, at an extreme slation, teveral tele- i 
graphic wireM from arte battery ; and the influence which the I 
breaking of a portion of the wires so connected will produce 
upon the strength of current in those remaining closed. 
"Proposition: — If the number of independent telegraph wires, 
of equal resistances, leading from and supplied by one battery, be 
reduced from x to y, the current strength on each of the remiun- 
j ing y wires will be 'jjj times the current strength before ex- 

^ isting on each of the x wires ; and the increase of current will be 
^B ■ I limes that current Btrength. 
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" In ilic above proposition, 

R ^ resislaQtM! of one of the telegrOipIi wirea and helicta. 
' r ^ reastance of ttic battery. 

" Demonstration : — The resistance of conductors is inversely 
u their conducting powers. Hence, inuliiplying the number of 
conductors divides the resistance. Bui since ihe current of the 
battery is supposed to be distributed equally among tlie whole 
niimb<;r of conductors, the current strength on each oonduclor 
may be obtained by dividing the toUl current strength by the 
number of eoniluclors. 

"Applying Ohm's fumiula, if, with a given battery, the current 

strength mode manifest in a single telegraph wire of average 

length and section, witli helices of average number and resistance, 

be represented by ^H 

B ^ electro-motive force of the biillery, ^H 

r -|- R ^ tbo sum of the resistances, ^| 



the ( 



■gth • 



current strength on each of ilio x 
"But 

therefore, 

S, the current strength o 
S, the current strength < 

E 
Hence 



ingth on each of the x wiren, is to ^^^| 

mglh on eadi of the y wires, ^^^| 

"■ + « ■ T + y ^H 

and S~S= '-^- ■ Si 



' V + * ' 9 + S 

which represents the incrcasv of current on e«h of the remain- 
iiig y wire.. 

"A compariMin and diycuwion of carefully ennduclcd experi- 
menl« of Dr. Muller, of Germany, and Mr. Mows (J. Farmer, of 
Kalem. give alfout 500 its the value of 7, ilie ratio of the re- 
Bwiancc of ono of the conductors 10 the battery, in case that the 
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Inltery is one of flfly pairs of Grove, in which the exciting fiuid 
s Ibe nitric acid of commerce, and ihe conduelor is of No, U iron 
irire of the beat quality used in the United Slates for telegraphic 
pQrposes, 240 lailes in length, with from eight to ten Morse rebiys 
|f afemge resiii lance. 

" If we assume the value of q to be 500, that is, if the con- 
ductors and battery are sucli ihnt the average reaiatanee of the 
conductors out»iile the battery is 500 times the resistance of the 
battery, the formula will become 

According to thin demonstration, it appears that any number 
'ires, from one to fifty, of resistances equal to the above, may 
supplied from the same baltery without appreciable variation 
fa the current. Suppose ten wires to lea<l from the same battery, 
ud the circuit upon nine of them be opened at once, the increase 
rcngth upon the remaining wire will be but one fitly-sixth. 
Suppose, as an extreme case, fifty wires lead from the same bat- 
tery, and the circuit be opened upon forty-nine of thera at the 
instant, the augmentation upon the remaining wire would 
be but about one tenth of the current strength previously existing 
upon such wire. 

" Should the resistance of any one of the conductors be but one 
half iliat of the average resistance above assumed, such conductor 
must be considered as two conductors ; if but one third, as three 
conductors ; and so on, for other cases. 

" .Should one of the conductors be imperfectly insulated, » 
that the amount of current that escapes to the ground before 
reaching the other extreme of such conductor bo equal to the 
amount that traverses the entire circuit, such conductor should be 
considered, in applying the above formula, as two conductore ; if 
the escape current is double the through current, the conductor 
BO olfected should )>e treated as equivalent to three conductors ; 
and so with other cases." 
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EARLY DISCOVERIES IN ELECTRO-DYNA 



CHAPTER XXI. 



SOEMMERINC'S TELEGRAPH. 
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Mr. S. T. Soeumerikg, of Munich, first applied galvanism 
lo telegraphing; in 1809 be conslructed an appunilug, which, bj 
decomposing water, enabli^ him lo give »igiiali<> At the stnlioa 
where the news was lo arrive were arranged thirlj-five imnll 
glass t«sl-tubvs, filled witli water, and rerer^d in a reservoir also 
containing that fluid. Into each of these test-tubes projected, 
througli the buttum of the reservoir, the gilt end of one of iliirtjr- 
five wires, that come from the iransmtiiing station. Each wire 
at the terminus of the line was nmneeied to ltd own distinct bnu« 
plate or cylinder. Thi^se plates were aminged in a row, and perfo- 
rated at nne eKlrerailjr ; hy introducing two conical metallic pins 
«)nne<ted with the ]»olea of a voltaic bailery into tliese iwrfbratJons, 
a circuit was established. Each glass lube was niarkul with one 
of tlie twenty-five letters of the Oemian alphabet, and ten nu- 
merels, and the jiloie connected with it by wire at the other station 
was Hiani)>ed with the soine. The circuit being eslublished, the 
water in two of the lubes was decomjiost^ the gaseous constitu- 
ents of whicli, rising, gave two signs, whoso succession was deter- 
mined by considering the letter over tlie evolved hydrogen at 
firsL Decomposition of water gives twice the volume of hydro- 
gen that it dues of oxygen, and thus no mistake could well be 
made in distinguishing them. The conducting wires well insu- 
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lated, afler paasmg some distance from the apparatus, were! 
wound iiiiu a rope to go on lo their deslinalion. 

Soemmering coDnectcd nilh im inslrument a curiously- cod- ^ 
Btructcd alarm, to call iJte atteulion of ilie operator. It consisted 1 
ol' a twoarmed lever, the longer arm having the eliape of a ^poon^ I 
while the shorter supported a rolling brass haL. The arrange- I 
menl was easily moved, and it v/as necessary to poise it after I 
each telegraphic operation. The hollow end of the long arm. I 
stood over the end of one of the wire point-s and at the com- ] 
mencenient of an operation received the hydrogen that ' 
evolved at this point. After half a minute, sufficient gaa wa» I 
evolved lo carry upward in its ascent the long arm of the lever, ' 
depress the shorter one, and by this depression permit the ball lo 
foil through a tube on a lever connected with an alHrm-stop, eel it 
loose, and thus put the ahum in active operation. Though very 
ingenious, the expense of so many wires, and their insulation, 
precluded the use of this instrument on a large scale; likewise, I 
the necessity of constant attention on the part of the attendant lO: 1 
watch the evolution of gas in two of ibe thtrty-five lubes, was A. I 
strong objection to it. 

ROBERT SMITHS ELECTRO-CHEMICAL TELEGRAPH. 

Mr. R. Smith, Lecturer on Chemistry, Blackford, Scothind,, J 
invented, in 1840, an cleclro-chemictil telegraph, -the following de« I 
Bcription of which represents it in its improved form : — 

In the annexed wooilcul (Fig. 90) A represents the indicat- 
ing portion of the telegraphic apjuiralus ; a Is a leaden cylinder I 
fiited upon a spindle, which is supported, so as lo revolve freely, 
by two standards attached to the bottom plaie of the apparatus ; I 
6 6 is a piece of calico in the form of a ribbon, coiled upon ths I 
roller c, placed in the trough (/, its contrary extremity being J 
attached lo the second roller e, revoUnng loosely iu stondarda j 
allaohcd lo the opposite end of the bottom plate ; B is llie o 
municaior. or Uiat portion of ihe apparatus through which any 1 
given signal is communicated to ihc indicator A ; /'is ft block of \ 
wood having a brass plate, g, attached lo it ; A is a slip of « 
hinged to the block, and slightly raised above the surface of th^fl 
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pring placed boneaili it. The bnus 
iic t Vfiih the posilive end of the 
Toliaic battery, C, the negative 
end of which is connected with 
the wire /, which passei along 
to the indicator. A, where it is 
allaclied to the leaden cyliader, 
a. The other wire, m, ia at- 
tncbed to the flnger-bosrd, h, 
through wliich it passes projocl- 
ing alightlj on tlie lower surface, 
in contrary end being attached 
to the impress wire, n, which is 
fiipported loosely by a cross- 
beam on the top of ihe centre 
hinndnrds of the iiidicutur. its 
loner end resting ujun the cnli- 
CO ribbon on the leaden cylinder 
beneath. 

To put this apparatus in ao 
lion, the cells of the battery, C, 
are filled with water, and the 
trough d with a Bulution of fer< 
rocyanalc of poln^h, to which 
have been added a tew drops of 
nitric acid. The roller <•. to 
which the iDdicalor-cloth is al- 
incbcd, is next put in motion by 
cloc]c-work, and thus the duth. 
ugh d, is made to pau 




^H wet with the solution contained 

^^ unifnnnly over the leaden cylinder a, below the point of ibo 

^H press wire. 

^B The apparatus ia now ready for signalling, nlilcli is done by 

^M pressing down (be flngcr-Iionrd. h, so as to bring the end of the 

^H wire n in contact with the brass plate /. thus completing the 

^H electric circuit. The irapreM wire a now liecomM the pMitivo 
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is printed upon the cloth, bj the electric fluid decomposing the] 
ferrocjiuuite of potash, thus forming cyanate of iron. If the c 
cuit IB formed and broken rapidly, a succession of dots will be 
printed upon the cloth ; if formed and broken at lung intervals, 
the result will be a series of marks. In this manner, long and 
short B[Micea and correEponding lines will be formed, aceordlDg to 
the duration of the opening or closing of tlie circuit, and the 
speed with wbicli the cloth is caused to pass benealh the metallic 
pen. An armngemeet of these various marks tlius forms (he 
telegraphic alphabet, from which sentences may be compoied) I 
embracing any information which it may be necessary to tr 
mit. B'or instance, a single dot may stand for A, two tor S, tbrev I 
for C, and a dot and line for D, &c. 

Experiment has proved tbat the electric energy from the in- I 
tensity battery, in producing the electro-chemical efTccts, inertawt I 
instead of diminishing in regard to distance Faraday ascer-'j 
leined tliat the quantity of electricity required to decompose ■ .1 
single drop of water is equal to that of a powerful Hash of light* 1 
ning, while from the Im'gest single circuit ever constrarled not K 
the slightest chemical effect can be cxhibiied. On the other | 
hand, a small single circle, composed of only a few square inches C 
of copper and linc, will temporarily magnetize a large bar of 1 
iron, while a powerful Toltaic trough will not magnetize a lady's { 
sewing-needle. Throughout the whole of the praelieal details of 
the electro-magnetic apparatus, for greater care in workmanship 
is required than in the voltaic one. Thus, llie whole of the join- 
ings of the conducting-wires require to be ID perfect metallic 
contact, and carefully isolated, whilst the electro-chemical com- 
munications may be transmitted through the medium of a wire 

This instrument is the basis of the Bain lelegraph, previously 
describeil, and which operated so successfully in this country 
from 1849 to 1833. 

AMFERK'.S TELEGEAPH. 

Wlien Oersted's splendid discovery was announced, aniJ it was 

Been that feeble electric currents would produce a variety of 
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magnetic actioas, electrical lelegmphing received a new impulse, 
ami numerous forms of telegraphic Apparatus were proposed. 

In 1820, Ampere was led lo devise the first Iclegraph employ- 
ing the deflec^on of the ma^etic needle by the agency of the 
galvanic fluid, which, however, it appean that he did not carry 
out praciically. Ilia plan was to have as many magnelic nccdlei 
as there are letters of the alpliabel, which might be put in action 
by iho piksEage of currents ibraugh metallic conductors, made to 
communicate successively with the battery by means of kcyp, 
which could be pressed down at pleasure, and might give place 
to a idcgrapliie correspondence that would surmount all di^liuice, 
and be as prompt as written speech to transmit thought. 

Peter Barlow, in 182'i, sufj^cted that au instantaneous tele- 
graph might be established by means of conducting- wires and 
compasses. 

In 1828, Victor Triboaillet de Saint Amand proposed to estab- 
lish n aubteTTHnean telegmph between Paris and Itrusscl^ using 
a voltain battery and on electroscope, destined to render sensi- 
ble the slightest galvanic influence. He did not devise any sys- 
tem nf signals to represent an alphabcl, but lidl to cacli one to 
adopt ut pleasure the number of motions to express the words or 
letters which be mtglit need. 

Fechncr, of Leipsic, in 1829, proposed lo insulate twenty-four 
wires between Drvsdcn and Leipeic, and, by means of tin 
number of galvanometers, and signals agreed upon beforeli 
to hold tclegm[ihic communications. 

Doctor Uitchic, in n lecture at the Royal Institution, Jjimien, 
in 1830. endeavored lo illustrate llie suggestion of AmjiiTe, 
exhibited a model of a telegraph constructed after his di^scriplinn. 

In 1K32. Baron Schilling, of Cronsludt, a Russian Councilor 
uf Slate, devised a needle telegraph, consisting of a number of 
pbninum wires, insulated, and united in a coni of ailk, which put 
in action by a key thirty-six magnetic nwdles, each of wliicli 
was placed vertically in the w^ntre of a multiplier, lie waa Uie 
first who athiptMl Ut this kind of apparatus an ingenious mecliun- 
ism for sounding an alarm, whicK when Uie needle turned at tli 
beginning of the correspondence, was act In play by the fall of 
//We baJi of Jead. 
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STEISHEIL'S TELEGRAPH. 

Counsellor Gauss and Professor Weber, two of die most illus- 
trious philo.wpbers of Germany, to whom the science of magnet- 
ism is deeply indebted, entered nobly into the lists in eslitblishing, 
-by means of electricity, telegraphic commuQication between the 
Astronomical Obseiraiory, Physical Cabiuet, and Klagnetic Ob- 
■ervalory at Giittingen, the first notice of which was publbhcd 
in 1834. It consisted of a double line of wire carried over the 
houses and stee[ilc3 of Guttingen. It was constructed chiefly 
for the purpose of making iuvcsligolions of the laws of Uie 
force of galvanic currents on a large scale, under different cir- 
cumstances. The drcuit employed in 1833 was about nins 
thousand feet, and in 1834 fitleen thousand, — three miles. The 
form of the wire employed Wiis mostly copper, of the size known 
in commerce as No. 3, of which a length of one metre weighs 
eight grammes ; the wire of the multiplier in the Magnetic Ob- 
Bervatory was of silvered copper. No. 14, of 2.6 metres to the 
gramme. They first employed galvnniu electricity by using «mall- 
aized plates, and found that the action was much increased by 
adding to their number. They repeated and perfected their 
firdt form of telegraph by applying the phenomenon of magnetic 
induction discovered by Professor Faraday. The diverse move- 
ments or the slow oscillations of magiietic bars, caused by the 
passage of the currents, and observed by the aid of a glass, fur- 
nished to Gauss and Weber all the signab which they wished in 
corresponding; but the number of signals which they could trans- 
mit was few, and the time occupied by each considerable. 

The miun apparatus was a magnelo-electric machine, and to 
this Counsellor Gauss adapted a peculiar arrangement, by which 
the direction of the current can be reversed by a single pressure 
of the finger. 

Professor Weber had a delicate apparatus for setting off an 
alarm of a clock, placed at the side of the magnet in the physicid 
cabinet, by means of the current conducted from the observatory. 

STEINIEEIL'S TELEGRAPH. 

This telegraph (Fig. 91) was in operation previous to July, 

1837, and, according to Professor Morse, had been adopted by iha 
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liis entire flpparaius di^iilays the man of science, learning, nntl 
refinement. In connection with Iiis instrumenl, he emploj'eil a 
series of nmaiettl t>eIU, producing Bounds which, striking upon » 
cultivated ear, conveyed a telegraphic language in imitation of the 
human voice. But he did not confint; himself to the production of 
evanescent sound ; he al^o employed aa alphulict of dots, similar 
in principle to tliat flub»e<]uently adopted by Air. Morse. This 
was recorded pernianenlly upon an endless band of pa{ier. This 
form of telegraph ie a combination of the finceessivc fundameniul 
discoveries of Professors Oersted atid Faraday, with the multi- 
plier of Schweigger. 

As an inductor, or exciter, Steinheil employed a rotating appa- 
ratus similar to the magneto-electric machiue described on page ] 
40. The multipliers of which hia inductor was composed ( 
sisted of a vast number of turns of fine insulated copper wire, I 
made necessary in order that the resistance offered by ihe thicker I 
wire completing the circiiil, even should it be many times as long, ' 
might be but lidle increased. Of the galvanic influence excited, I 
only a small portion was employed,'and that when at its maximum I 
of energy. By this means the duration was very short, causing ] 
merely a momentary defleclion of the little magnetic bars em- 
ployed for giving the signals. In order to heighten the action of | 
these indicators, Ihey were surrotmded by powerful multiplier 
Small detached magnets were so placed near these indicolorv, I 
that they were brought back to their original position when J 
the induced current ceased ; or, in other words, as soon as ill 
deflection took place. lie was thus enabled to repeat signals i 
very rapid succession. The same indicator could with ease make I 
five deflections in a second, succeeding each other as fiist as ihe 1 
sounds of a repeater when striking. Hence, if belb are phiced at' ] 
the proper striking distance from these indicators, diey will ring I 
at every deflection produced ; and, as it is quite immaterial at J 
what part of Ihe wire completing tlie circuit the muhipliei 
laining the indicator is inserted, we have it in our power to pro- I 
duce the sign excited by induction at any part of the course the J 
wire lakes. Should it be desired that the indicator, instead o" 
producing soimds, should write, it is merely required to pW» < 
34 
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otie end of iLc lillle magneiic bar a small vessel filled with inic 
and lerminating in a capillary tube. Tliii« inb«. instead of strik- 
ing on a bell, tbus muke^ a bbii^k spot u|iun some flat Burraci- held 
ill front of iL If to compose writing, the surface upon whioli 
lliey are written is ki-pt moving on in front of the iudii-aior wiib 
u uniform velociiy, brought ubuut by un endless band of paper 
whieh is rolled off one eyiinder on lo another by doek-work. As 
fiir us ihe employment of this lulcgruph i^ concerned, it may be 
fairly said to perfonii all llutt can be reasonably rcquirvd of iL 
The excitation of iim current 'n produced by liolf a turn of tlie 
indicator, imd it equally available at all times. The sounds of 
llic belU clo«e to Ihe perton making the signals, and which, being 
produced at tlie other station too, are also audible there, become 
by procticu intelligible as a language. Should tliey, liowever, be 
misandcrstood, llio communication pre»eul3 itself simultaneously 
writlon down. 

''Ampere, required more than sixty wires, whereas tliirly or n 
wcro sufficient for Soemmering. Wheatwoc and Cooke reduced 
their number to Qvo ; Gauss, and, probably in imitation of hini> 
Schilling, as likowi«o Morse, made use of but a single wire run- 
ning to the diMant station and back. One might imagine that 
this pari of the arrangement could not be further simplified ; such, 
however, h by no means tlic ease. We fiave found that even the 
half of thia length of wire may be dis]>eiised with, and that will) 
certain precaulioiet its place is xupplied by the ground ilaelf. We 
know, in theory, tluit the conducting powers of the ground and of 
water are very small coiu[iared with ihuC of the mclaU, esjteeinlly 
copper. It Beeiu^ however, lo Imve been previously overlooked, 
lluit we have it within our reach to make a peri'uctly good con- 
ductor out of wntt'r or any other of tlie so-rnllcd scmi-conduclors. 
All ihiu is reiiuiretl is, thnt the surface that its section presents 
shouM b<> as much gienlcr tluin tluit of the metal, as its conduct- 
ing power is Iims. In that cane, the refislancc oficred by the 
temi-conductors will fH|ual thnt of the perfect conductor; and as 
wc can make conductors of the ground of any >tie wo please, 
simply by ailapting to the ends of the wires plates presenting a 
suflkienl surface of contact, U li evident that ire can diminiah 
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offered by the ground or by water to any extent we 
like. We can, indeed, so rtduce this resistance as to make it 
quite insensible when compared with tbnt offered by ilie tnelollic 
circuit, so that not only i» half this wire spared, but even the reaiat- 
BDce that such a circuit would present is diminished by one Iiftlf. 
This fact, the importance of wliich in the erection of galvanic tel- 
egraphs speaks for itself, furnishes an additional feature in which 
. galvjuiiam resembles electricity. The experiments of Wincklcr, 
tX Leipsic, had already shown that, Willi frictional electricity, the 
ground may replace a portion of the discharging wire. 

'* The inquiry into the laws of dispersion, according to wfiich the 
ground, who^e mass is unlimited, is acted upon by the passa^ of 
liie galvanic current, appears to be a subject replete with inter- 
est The galvanic excitation cannot bo confined to the portions 
of earth situated between the two ends of the wire; on the con- 
trary, it cannot but extend itself indefinitely, and it became, there- 
fore, now only -dependent on the law tliat caused the excitation 
of the groimd, and the distance of the exciting terminations of 
the wire, whether il was necessary or not to have any metallic 
communication ut all for carrying on telegraphic intercourse. 

" I can here only state, in a general way, that I have succeeded 
in deducing this law experimentally from the phenomena it pre- 
sents ; and that the result of the investigation is, that the excita- 
tion diminishes rapidly, as the distance between the tcnnioal 
wires increases. 

" An apparatus can be constructed in which the Inductor, having 
no metaltie connection with the multiplier, by nothing more than 
the excitation transmitted through the ground, will produce gal- 
vanic currents in that multiplier sufficient to cause a visible 
deflection of the bar. This is a hitherto unobsen-ed fact, and 
may be classed among the most extraordinary phenomena thai 
science has revealed to us. It holds good, however, for small dis- 
tances. It must be left to the future to decide whellier we shall 
ever succeed in telegraphing at great distances without any me- 
tallic communication at all. My experiments prove that such a 
thing is pwelble up to distances of fifty feet For distant stations 
we can only conceive it feasible by augmenting the power of the 
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galvanic ioduction, or hy opproprinte multipliers coiulnicted for 
■he purpose, or, finally, hy iDcreosiag ihe eurfuL'e of coulact 
prescDifd by ihe cudd of llie iDultiplier. At all cienis, itic 
piicnomi-non mcriu our best attention, and ita iatlueDce will not 
Ijerliaps be oliogcther overlooked in the Ibeoretic views we may 
lorm with regard to galvauiun ii«clf." 



ALEXANDEB-S ELECTRIC TEl.EtiRAPH. 

A modd (o illuslraie the nature and operation ol' this 



ele- 




graph wa* exhib- 
ited at a ni(?eling 

of tlie Sorii^ly of 
AIi^ in Edinburgh, 
i]i (Mulier, 1B37. 

The model win- 
M9ia of a wooden 
diesi, five feet in 
len^h and three in 
width, three feet 



find one foot at the 
otbLT. Thirty eop- 

fl-ulil cud to end uf 



ki-pt upa 






one end ihcy arc 
fastened to a bori- 
zunlal line of wood- 
en keys, precisely 
tiinilur to tho»e of 
n piiino-fone; at 

the oilier, tlicy ter- 
minate closely to 
thirty small aper- 
of five each, over « acretn 
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three fwl Bquare, wbich forms the end of the chest Under 
ftperlurM, on the outside, are painted in black paiot, upon a 
rhite ground, the twenly-six letiera of the alphabet, with the 
■Msary points, the colon, semicolon, and full point, and an 
iteriak to denote the termination of a word. The letters occupy 
■s about an inch square. The wooden keya at the other end 
also the letters of ihe alphabet painted on them in the usual 
border. The wires serve merely for communication, and we will 
now describe the apparatus by which they work. This consists 
pair of plates, zinc and copper, forming a baitery placed 
under the keysi and thirty steel magnets, about four inches long, 
placed behind the leltera painted on the screen. The magnets 
move horizontally on axes, and are poised within a Hat ring of 
copper wire, formed of the ends of the communicating-wires. 
On their north ends they carry small, square bits of black paper, 
which project in front of the screen, and serve as opercula or 
covers to conceal the letters. When any wire is put in commu- 
nication with the battery at the south eod, the galvanic influence 
is instantly transmitted to the north end ; and, in accordance with 
a well-known law discovered by Oersted, the magnet at the end 
of that wire instantly turns round to the right or left, bearing 
with it the operculum of black paper, and unveiling a letter. 
the key A, for instance, is pressed down with the finger at 
ilh end, the wire attached to it is immediately put in com- 
with the battery; and the same instant the letter A 
at the north end is unveiled by the magnet turning to the right, 
and withdrawing the operculum. When the finger is removed 
from the key, it springs back to its place, the communication with 
the battery ceases, the magnet resumes its position, and the letter 
is again covered. 

The principle of Alexander's telegraph is represented in the 
accompanying illustration (Fig. 92). j4 is a voltaic battery; S, 
a trough filled with mercury ; C, a key to be pressed down by the 
finger of the operator, £ is the end of a conducting-wire, which 
dips into the mercury when the key is depressed, and completes 
the electric circuit ; D D i» the distant dial upon which the sig- 
nals are to be shown ; F F an screens, Uiirty in number, each 
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being fixed to a needle, corresponding lo the finger-kejs berore 
described. AVhcn no electrieily is passing, these screws reumin 
Btalioimry over llie several Ictlers, &c., aiid conceal tlicin from 
view; but when B current is ninde to flow b; ihe de)iro.^ion of a 
key, tlie uorrespondiug needle in the disiant inslruinent is du- 
fleeted, carr)ing the screen with it, and uncovering the letter, 
which becomes exposed to view, aa at 0. ^^M 



VAIfS PRIXTING TELEGEAPH. ^H 

The printing telegraph of Alfred Vail was propoAe^I Jii Sep- 
tember, 18IS7. It coniiista of a typc-wtieet, having on its surface 
the Iwenly-^ix letters of the alpliubet Un the aide of the wheel 
am twenty-six holes. The ly)«-whcel is moved circularly by 
mcaiu of a spring tliat the eleclro-mugnelic key causes to ad- 
vance at each interruption and return of the current. The 
paper advances under thu type-whuel by means of an indepen- 
dent cluck-muveraenl. 

The precision of tlie operation depends on the exact corre- 
spondence of tlie niuchinery, situated at the two exireinilies of 
the telegraphic line. It is necessary that the type-wheel pre- 
sent ihe NUnc Idler at both stalinns, and that the clock move at 
■he same rale. But this system has never been put in execution, 
and ihe inventor considers il inferior to the Moree, which he 
partly deviled. ^^ 



STIHOKOS'B ET-ECTBO-MAGSETIC TELEOnAPIL ^M 

In ihc Annals of Kleciriciiy for 1840 are published a denrrip- 
tinn and drawing of an electro-magnetic lelegmph, proposed by 
Mr'illinm Sturgeon, of Londoii, a philosopher who, by his numer- 
ous experiments and researches into the subject of electricity 
and msgnctifm, has confi-rred signal benefits upon msnkind. 

The arrangrmcnt of Sturgeon's apparatus is sni'n in Figs. 93 
and 94, (he former being a side view, and the latlrr an cml view 
of it; in in liolh flgnres rrpresenti rhf ningnrl; i, the cronjupiecc ; 
a i, the lever ; and /, the fulcrum. The cards at the longer ex- 
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tremitiea of the sis levers are numbered 1, 2, 3, 4, 5, 6, wliich, 
indiviilually, and by a seriea of eimiile 
combinations, form all the signitU required. 
When the levers are in the position bIioihi 
in Figs. 93 and 94, ihe magnet is out of 
action, in consequenee of tlie battery cii-- 
cuit being interrupted. If, now, the but- 
tery circuit were to be closed, tlie mag- 
uld immediately be brought inio 
action, and its ottraetive force would bring 
down the cross-piece i ; nhich, being al- 
tacheil to the shorler arm of the lever, 
would raise the longer arm, with its card 
and sign, into the position of the upper 
doited circle, where it becomes visible 
through a circular opening in the face of 
the instrument, as at 5 in Fig. 93. Wlieu 
that particular sign has appeared the re- 
quired time to be observed, that circuit 
ia opened, the magnet m loses its power, 
and the longer arm of the lever pre- 
ponderates and falls down to its fii'st 
I, and the card with its sign dh- 

The face or dial of the telegraph is 
iprescnled by Fig. 95, which may be 

of pointed wood or melol, silvered in 
clock-faces or barometer-scales. Oh the np]i 
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dial there are s\\ circulnr openings, for the occasional appear- 
ance of ihe curds ivilh iheir figures, whicli are attached to the 
longer arras of the six levers (Fig. 93). Below tlic circular 
openings in the dial-plalc arc arranged the signals whieh are 
to represent all llie alphahcttcal letters that are necessary for 
the spelling of words. Tlic signals are thus continualij before 
the eyes of the operator, ami are too simple to miss being uniler- 
slood. These levera, with tlieir magnets, &c (Figa. 93 and 94), 
are placed behind tlie dial, in a suitable case, and in such a man- 
ner thai the figures on the cards may appear at (he circular open- 
ings whenever their levers move upward by the attractions of 
their respective tnagncts at the other or shorter arms, and dis- 
appear below IhoBo circular openings when the magnets are out 
of action. 

At Ihe battery station, the six insulated wires are to be attached 
to six ivory keys, with springs, like piano-keys, by the downward 
motion of wliich llie wires are connected with Ihe battery. On 
the top of the keys are painted the figures from 1 to 6, bo that 
when one finger is placed on key 2 and another on key 5, the 
magnets 2 and 5 at the other station are brought into play, and, 
by attracting their respeetivc pieces of iron, the figures 25 maks 
their appearance on the dial, as seen in Fig. 95, and the letter^ 
ia understood. By these means the letters of the alphabet are 
represented without the possibility of error. 

MORSE'S MAGNETIC TELEGRAPH. 

In order to solve the problem as to what credit is due to others 
than Professor Morac, in the discovery of the principles, and 
the invention of the apparatus, embodied in the American or 
Morse system of telegrnpli, let us analyze carefully each part, 
and, BO far oa we are able, give tlie names of the discoverers or 
inventors, wiih the dales when their inventions or discoveries 
were patented or made public. 

Morse's complete telegraph apparatus, consists of, — 

1. An insulated metallic conductor. 

2. Use of the eartii for the return currenL 

3. Constant galvanic battery. 
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4. An elecliic current 

5. An electro-magnet Rnd a 
G. Key, or circuit breaker and closer. 

7. Clock-wurk for moving iin endless liand of paper. 

8. Lever and sleel point or [len for marking. 
0. Alphabet of doU and lineit. 

10, Local circuit for obtaining increase of power. 
' 11. Adaptation of tlie souoda produced in muking dots aud 
lines lu audible telegrapbj- 

L An Tnauhtrd MetiMic Conductor. — Doctor Watson, in 1747, 
in the presence of muny scientific persons, transmitted the eicctric 
spark ihi-ough 2,HlX) feel of wire and 8,000 feet of water, thus 
employing in his ex{>ertnients the use of thu earth-circuil. After- 
wards, on the Hth of August, 1747, Doctor Watson conducted 
an experiment on a much larger scale al Shooter's Hill. The 
wire was insulated b^ baked wood, and waa 10,600 feel, or nearly 
two miles, long. 

In 1816, Francis Ronalds insulated eight miles of wire fur 
eleclric telegraph experiments, at Hauunersmith, England. 

In 1828, Harrison Gray Dyar erected a telegraph line nt the 
race-course upon Long Island, using iron icire, glow imulatort, 
and wmodtn posit. 

Id 1833, Gauss and Weber constructed a telegraph line at 
Gfittingcn, between the Observatory and the Cabinti de Phy- 
sique*, a distance of a mile and a ()uarter. The wires were 
run over the lops of the houses, as at present in most Ameri- 

2. Useofltit Ettrih forlhi'RehiTu f^msw/. — In 1837, Pro- 
fessor Steioheil opcraled a telegraph line, twelve miles in length, 
between Munich and liogenhauscii in Germany, using iron wire 
conductors and th« earth for a rttum current. Thb discovery 
was publiiibed in 1837, in German, and translated into English 
by Julian Guggsworth. November 24lh, 1838 ; and yet Professor 
Morse seems not lo have been aware of it until some six years 
afterward, as we find him using an entire metallic circuit upon 
the line constructed by him between Baltimore and Washington 



in 1844. 
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3. Gmttant Galvanic Batterf/. — The cnnslant galvanic bat- 
tery was iiivcnicti by Professor Daniell of I-ondon in 1836. 

4. The uleoliic current was discovered by Volla in 1800. 
b. An J^eelrotmtffnel and Armature. — ElccIrO'inngnetifiin was 

diBCovfrcd by Oersted in 181U, Professor Sthwcigger of Halle, 
ill 1820, invented ihe galvanomcler, or electro-magnetic multi- 
plier, -^ the basis of all the needle Ielegra|)h$. KI. Arago, at 
the Buggestiun of M. Ampere, made a galvanic conductor in tlio 
form of a helix, or coil, into iho skis of which he plticcd a needle. 
This hehx was eimply a fj>irul coil of wire, the extremities of it 
being connected to the opposite poles of a battery, thus permit- 
ting it to make a port of an eleeirical circuit. By tUia arrange- 
ment, llie current ia almost at right angles to the needle, and 
as each coil adds its effect to that of Ihe olheni, the entire action 
of the s[iiral helix ia extremely powerful. In this wny a needle 
riui be completely magnetized in en instant, and this is the 
metliod now principally employed by artisans in the manufacture 
of compass-needles. 

Mr. William Sturgeon, a native of London, in 1825, di«ror- 
erod that, when wires of soft iron were placed within the coil 
of a conducting- wire, they were rendered intensely magnetic 

Professor Henry, Secretary of the Smithsonian Institution at 
Washington, greatly extended the knowledge upon this subject 
during the period from 1828 to 1831, and to him is due the credit 
of constnicling the present Ibrm of horseshoe electro-magnet 
used upon the Morso and various other systems of m^netic 
telegraph. Cooke and WhealBlone used this form of the electro- 
magnet in their telegraph, patented June 12, 1837. 

Its use was suggested to Professor Morse by Dr. Charles T. 
Jackson of Boston, on a voyi^ from Havre to New York, in the 
paeket-ship Sully, in 1832, together with its application to ulectric 
telegmphy. The following is Dr. Jackson's account of the aug- 
gostiona made to Professor Moi^e, in a deposition sworn to at 
Boston, May 21, 1850. 

"While on the voyage, one day at table I introtluced the 
Bubject of electricity and electro- magnet ism, describing an 
pcriment by Pouillet of sending electricity a great many lim»a 
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ind the Academy of (he Sorbonac, without any perenpiiblo 
of lime. There being some cxprcsaiona of incredulity, I 
ideavored to eiilbrce tlie ffit-t by alluding to Franklin's ex- 
periment of transmitting on electric spark lo n great distance, 
using a wire and water as conductont. BIr. Morse lucked in 
wbich of Franklin's works il was contained, and anid be bad 
never read iL I stated I believed it was in his Autobiography- 
After some disieuft^ion upon tbe point, one of the pa-«cngers said, 
*It would bo well if we could send news in lliia rpkpid manner.' 
This was a casual remark, in allusion to our earnest desire to 
hear from home, as tliere was some apprehension of a war with 
France. Mr. Morse said, 'Why can't we?* I immediately re- 
|ilicd, ' We can ; there is no difficulty about it ; ' — and tlicn pro- 
explain various melliods by which I conceived that 
itelligence might be transmitted by electricity and eleclro-mag- 
itism. First, I proposed to count the sparks in a diigoincd wire 
counting the sparks in time, — that is, rounting or nol- 
the Kparks, and the intervals between the sjmrks. Second, 
producing colored marks upon prepared pa[>er, the paper 
iing saturated with an easily decom]»osable neutral salt, and 
lined with turmeric, or Bome other easily stained neutral colors, 
lirr), by saturating the pa|>er with a solution of acetate of lead, 
carbonate of lead, the paper being moistened while the electric 
irrenl was passed through it, or over its surface, between points 
plalina wire. Fourth, / prvpoied to matt use of the eltclro- 
ignet. which is formed by coiling copper wire, insulated by 
ling nuund with silk, around soil iron, bent in the form of the 
U, the iron being rendered temporarily magnetic by the 
passage of the galvanic current through the copper wire, a keeper 
or armature of soft iron being placed across the poles, and at- 
tracted firmly against them during tbe time the galvanic current 
passing. I proposed to connect with this keeper the short arm 
a lever-beam, and to fix: a point of steel in the long arm of 
lever, eo that, when the keeper was drawn lo the eleciro- 
TnagneL, the point should perforate holes in the paper. The 
paper was to be drawn from one reel to another by eloek-work 
machinery, so that in intervals of space these holes might be 
ijHinclurod, and telegraphic indications be produced thereby. 
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"Whon I mentioned the eubject of electro-magneljsm, in the 
preeeniM? of Mr. iiarse, during this conversnticm. he asked me 
tlie meaning of the term, saying, ' Electro-magnetism I How 
does that differ from other magnetism 'f ' I explained it to him, 
making drawingH of electr»4nagnets and il galvanic battery for 
that purpose. 

" We discuSHed llie subject for some lime, and during thia con- 
venation I spoke of having an electro-magnet on board, and 
two galvanic batteries, which were stowed away between decks. 
I made drawings — rough skelehee, ns I do not profess to be 
a draftsman — of the electro-magnet, which I gave to Mr. Morse, 
who copied them into his note-book in an nrlislic manner, ask- 
ing of me explanations as he miulc the drawings. 

" Within a few days after my first conversation nlrave men- 
tioned, I think the third day after, I had a eonversatiou with 
Mr. Morse as to the pruelicability of devising a. system of signs 
which could be readily interpreted. I proposed an arrangement 
of punctured points or dots, to represent the ten numerals. Mr, 
Morse proposed to reduce it to tive numerals and a zero, saying 
that all numbers could be represented thereby, Mr. Morse took 
a dictionary and numbered the words, and then tried a system of 
dots against it. We assigned to each word, selected for that 
purpose, a separate number, and the numbers were indicated 
by dots and spaces. We took our respective places at opposite 
sides of a table. He would send me despatches written in nu- 
merals, which I would examine by the aid of a marked diction- 
ary which I held in my hand, and I found no great dilhculty in 
reading them ; and then we would change, he taking the diction- 
ary and I sending the words. Mr. Morse took the ]>rincipal 
part in arranging the system of signs, and deserves the greatest 
credit for it. Mr. Morse made notes of the system of signs, so 
far OS we had completed il, in hia note-book, either fully or par- 
tially. We had absolutely concluded on no complete system be- 
ibre the termination of the voyage. 

"I paw Mr. Morse's note-book, in which he made his plans 
and observations, from his first entries in it in regard lo the 
telegraph, until the end of the voyage. He would often bring 
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possession. 1 suw nothing in it wbicli 1 liiid not ex- 
plained atii) given )iim rough drafts of, Dxcept Ibe system of 
mgn», vihivh waa the ^us^)t oT our joint action, aa before 
staled. 

" We gave ihc name of Electro-Magnetic Telegraph to the 
proposed and explained as above, and this was the 
by which it was known and called in our conversations, 
(ler our arrival in New York, he brought to me, in New 
Tork, a plate of copper and a plaie of Ktne, eaeh about two 
iliea fjuurc, connected by a strip of copper more than a 
in length, and about half an ineb in wldlli. and asked 
if tliat would do for an elementary battery. I told him 
that it would make no battery at all ; that the (ilnles must 
near each other, and not connected, fur an elementary bat- 
which he |>rop«)sed to make. His prmlucing a eonirivance 
that showed he was not acquainted with the subject of 
galvanism, not even knowing how to construct a galvanic bat- 
tery, which is esseniial to produce the electric current. I ex- 
plained to him how it could be made. In a few days after my 
arrival at New York, I relumed lo Boston. Afterwards I went 
to Philadelphia to attend the racdical lectures ; and in the spring 
of 1833 1 commenced the jiradice of my profcwion in Boston. 
>n aRer, my circumstances became embarrassed through the 
my property from tlie failure of my agent, and I wns 
liged lo devote myself assiduously and almost exclusively to 
le support of myself and of my family, having Ijc-en married in 
'chruary, 1H34. so that I gave lilllo attention, com[>aratively, to 

Magnetic Telegraph. 
"In ihe springof 183.), soon after my return from Philadelphia, 
an article was shown lo me in the New York Railroad Journal, 
wherein an account was given of a caveat filed at onr Paleiil- 
Office for a Magnellc Telegraph, by an Englishman. This in- 
strument resembling, in some of its details, that which I had 
described to Mr. Morse, I wrote to him, requesting him to ascer- 
tain who tliis Knglishmun was, and if he had got possession of 
oup plan. I iliink Mr. Morse replied to this loiter, but 1 cannot 
35 
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aay poeidvely. as many of my tellers were (Ie3troyi;il by (i fire in 
my house, in 1H45. 

" Subsequcnlly Mr. Morae visited me in Boalon, nnd told mc liQ 
founil this Etiglisliman boarded at Biinkcr'a hotel, where Cap* 
lain Pell boarded, atid that he had probably heard Captain PcU 
talk about it at [able. 

" During [hi* visit Mr. Morae requested me to put an experi' 
mental line of telegrnph between Boston and Cambridge, ftr iha 
purpose of testing its prnctieability. I declined, on account of the 
cmbarnt^sed stale of my aJTain', ihe expense being more than C 
could afford. I told him that the batteries woukl be very expen- 
sive, — ihut several would be required in order to maintain ft 
steady current, no constant battery having been invented at that 
time. At ihe time these conversations look place, and for some 
yeare afterwards, I was aware that the Eleclro-Magnciic Tele- 
graph roulil not be rendered commercially valuable for vrmrtt 
of a Euslaining battery, or one that would keep up a steady an^ 
uniform current of electricity, no such battery being at that 
time known. Professor Daniell of London invented the firs^ 
constant or sustaining battery about 183G, and Grove's jilatinuntj 
uonstant ba[tury, which is still belter, was not invented untit^ 
a year or more nfler that of Daniell. These or similar bat-^ 
teries are essential to the economic use b( the Electro-Mag-' 
netic Tclegra|ih, so as to make it available for commercial< 
purposes, although the practicability of such a telegn^ih coal 
be and was demonstrated by aid of batteries previously 



G. Keg, or Circuit Breaker and Cloter. — The signal-keiy, oi 
circuit breaker and closer, was one of the enrliest and most abvi^ 
0U3 contrivances in connection with the electro-magnetic tele-| 
graph. Am|>ere described the use of the key in 1S20. 

7. Glock-vork for moving aa Endlea Band of Paptr. — TU« 
graphic register described and used by Mr. Itlorae is a cqdm 
mon and well-known instrument, used for registering evanescens 
Bigns. 

In the Mimoirts de VAcademu dtt Sciencei of Paris, for tb(J 
year 1734, an anemometer, or wind measure, is described and' 
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ipresented by M. D'Ons en Bra/. In this inslrurocnl a cylinder 
inches long is mounied on a venical asie, connected wilfa a 
le above. This cylinder has ihirty-two melallic [joints or- 
[cd spirally upon it, corresponding lo tlie lliirly-two pointa of 
the compass. A iillet of [ia]>er five inches broad passes over a 
second cylinder, on on axis parallel lo the first, and suirieientiy 
nenr to it for the melallic point on the first presented lo it to 
uihIic the lillct on the second. 7%e paper it carried h/ cylinder* 
moved by clock-work. When the vane turns, the cylinder brings 
a iiarticulKr metallic point in forcible contact with the puper, act- 
ing by a principle equivalent lo the lever. 

In the London Philosophical Transactions for 1831, \i. 201), n 

graphic register of tides and winds is described by Henry R. Pnlm- 

Itl this a cylinder rvi-olret In/ elock-vJork carrying a JiUet 

iffpaprr; a metallic peti-potitl ia mnyed ov^r this cylinder in the 

)f its axis by a rock and pinion, movetl by a tide-fioikl. 

lie track o/t/it pen-point on the paper recordt the change la the 

Ic. 

The connection of the graphic register with the electric tele- 

raph was made and published by Steinhoil, in Germany, before 

le date of the caveat of Mr. Morse, of October, 1837> In the 
»per of Sieinheil, ineludt;d in the Memoirs of the Frei 
Academy of Scieneeii, of the 10th of September, 1838, and pub- 
lished in the Comptet Rendiu of 1838, he described the results of 

e practical operation of his graphic telegraph, for more than a 

ntr. between Munich and Bogenhauscn, and the 19th of July, 
1S37, is referred to by him as an hisioricaldate, on or before which 

I telegraph was in actual operation and public tise. In 
lAicle by Sieinheil, translated in Sturgeon's Annab of Kleetriuity 

r March and April, 1839, the use of posts for insuhition, of what 
8 technically called the ground circuit, and of iron, instead of 
Opper, wires for conductors, — facta or inventions of great i 
loriancG lo the practical operation of the telegraph, — is fully 
escribed. We consider Steinlii^l, together with Gauss and 
Weber, who erected their telegraph at Gottingen, in lS;i3 — 3J, 

. tlie scientific explorers for the electric telegraph, lo whom the 

□at important port of its practical applicslion \s undoubtedly 
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due. The telegraph of Slcinheil regislors eenal dotB, or, niore 
Btrklly, short lines, b^ a point bruugbt into contact with a mov- 
ing fillet of put|>er by the action of a lever, operalod hy tho de- 
flection of n iiuignelic bar or bat's iu a coil of wire. 

6. Ltver and Slftl Point or Pat. — Silliman'i Joumul of 
Science, Vol. XIX., 1831, contains an illumtratloa anil dcduip- 
lion of Professor Henry's powerful cicclro-iuagnctic weigher, — 
with armalHrt and £>[vr, ^the lever stutaining two thousand 
pountK 

Cooko and Wheatetone, in their patent of June 12, 183t>, de- 
scribe llio use of the lever in connection with tlie armature of an 
electro-niaspiet. TUia U prior to the filing uf Murse's cuvcal, and 
three year« before he oblaini-.d his first (lalcjil in iliis country. 

The Bleel jioint is fully described by M:. D'On^ en lirny, in 
oonneelion with the anemometer, in 1734; and in the graphic 
register of Henry K. Palmer, in 1831. 

9. Alphahtt of DoU wtd £i'»u. — Tbo alphabet uf dots and 
lines is the same in principle as that adopted by Steiidieil, in 
1836, and in the earlier descriptions of tho Mor^ apparaliu the 
eombination by the use of ecvcnU pcjis is very similar to those 
of Stein heiL 

Tlio Munc ftyflcm was also used by Harrison Gray Dyar, in 
1828, in his telegraph u|)on Ixrng Itlaiid. 

10. Local Circuit /or oilainiHff iHcrtaie of Puaer. — The 
local cireuil was tised by Cooke and Whoatittone, and patented in 
cunnec^uu with their system of telegraphing, Juno 12, 1837. In 
order thai llie telegraph might be practically used, it was eMen- 
tlal that »ume eimple means ffaould be employed lo call tlie alien- 
lion of the ojieraiur when a uessage was about to be oeut, as llio 
lauvcmeui uf the ueedlea made aa sound. To ovcreume the dif- 
ficulty pnuenliMl by the very umall nmoimt uf power which would 
be tnut-smiitcil to a long distance, and which whs nut liullieient lo 
make an elcctro-magnel of any power, and thus di^-liarge an 
ahirum, ihry placed a »econd twilery at tho distant staliuii, hav- 
ing wires cwmecied with a powerful electro-magnet attached to 
an ahu-um. or arranged so a» to strike a bell as soon as the luit- 
tcry was brought into opciatiuo. But aa tlie circuit was broken, 
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the battery, though charged with acid, and therefore ready to act, 
could not exert its nagnetizing power on the electro- magnet 
unless the circuit was L-umplelcd. The current of electricity 
irom the distant station whentre the intelligence was to be trans- 
mitted, though not powerful enough lo make an electro-magnet, 
was abundantly powerful enough 10 coinplele the circuit of the 
second haltery, thus waiting to be called into action. This was 
efiecled by a small piece of copper wire attached to a cross-piece, 
fastened to a delicately suspended vertical galvanometer; when 
the laller was deflected by even a t'eebic electric current, the 
copper wire, by having its ends plunged into two cups of mer- 
cury, completed the circuit of the secondary battery, causing the 
electro-magnet lo attract \ta keeper, and thus let off the alarum lo 
ring the bell. 

In a dcpoailion by Professor Henry, of the Smithsonian Insti- 
tution, made in Washington in 1850, he says : — 

" In Febroary, 1837, 1 went to Kurope, and early in April of 
tbat year, Profe^or Wheatslone of Loudon, in the course of a 
visit to hira at King's College, London, with Professor Bache, 
now of the United Slates Coast Suirey, explained to us his plan 
of an electro- magnetic telegraph, and atuoug other things exhibited 
to us his metliod of bringing into action a second galvanic circuit. 
This consisted in closing the second circuit by ibe defection of a 
magnetic needle, so placed that the two ends of the wire of the 
open circuit, projecling upwards, would be united by the contact 
of the ends of the needle, when deflected. The second circuit 
was opened by interrupting the current in the first circuit, the 
needle resuming its original pojilion, due lo the directive force 
of tbe magnetism of the earth (Fig. 96). I informed him that I 
had devised another method of producing effects somewhat simi- 
lar. This consisted in opening the circuit of my large quantity 
magnet at Princeton, when loaded with several hundred pounds, 
by attracting upwards a small piece of movable -wire by means of 
a small inlenstiy magnet, connected with a long wire circuit and 
an intensity battery. When the current of the large battery was 
thus broken by an oclion from a distance, iho weight would fall, 
and great mechanical effects would be produced, — such as tho 
35» 
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ringing of church-bdla at the distance of many miles, an illai 
[ion wbioh I had previoualy given to my tlasa. My impressan 
13 strong, that I had explained this precise process lo my class 
before I went to Europe ; but on this point I cannot spealt pod- 
tively. I am, however, certain of liaving mentioned, in course of 
my lectures, every year previouaiy at Princeton, the project of 




ringing bells at a distance by the use of Ihc electro-magnet, and 
of having frequently illustrated the principle to my class, by 
causing, in some coses, a thousand pounds to fall a few inches on 
tlie floor, by merely lifting a piece of wire Irom two cupa of mer- 
cury, closing the circuit. 

" The object of Professor TVheatstone, as I understood it, in 
bringing into action a second circuit, was to provide a remedy 
for the diminution of force in a long circuit. My object, in the 
process I have described, was to bring into operation a large 
quantity magnet, connected with a quantity battery in a local 
circuit, by means of a small intensity magnet and an intensi^ 
battery at a distance. 

" The only other scientiBc facts of importance to the practical 
operation of ilie telegraph, not already mentioned, are the con- 
struction of the constant battery, in 1836, or about that lime, by 
Professor Dnniell of King's College, London, and the liiteottry, 
in 1837, of Sleinheil, in Germanif, of using the earth aa aportion 
of the galvanic circuit. I believe that I was the Srsl to repeat the 
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experimenis of DanieU and Steinheil in this country. I slrelched 
a n'in> I'ratn my t-Iudy lo jay laboratory, through a distance in [Le 
air of several hundred yards, and u^d the earth as a return con- 
duelor. with a very mtnutfi battery, the negative element of 
which was a common pin, such as is used in dress, and the posi- 
tive clement the point of a zinc wire immersed in a single drop 
of acid. With this arrangement, a needle wn^ defleeted in my 
laboralory before my class. I afterwards transmilied currents in 
various directions through the College grounds at Princeton. 
The exact dale of these experiments I am unable lo give, with- 
out reference lo my notes. They leere prefioiis. hotrever, lo th* 
viuucce^iifvl attempt of Mr. Morse lo transmit cnrrrnis of elec- 
tricity/ through uriret Iniried in the earth, belireen Vathiiifflon and 
Baitimore, and hrfore he attempted to uie the earth as a part of 
the circuit. Previous to this time, and atler the above-mentioned 
experiment, Mr. Morse visited me at Princeton, lo consult me on 
the nrrangemenls of hie conductors. During this visit, we con- 
versed freely on the subject of insulalion and conduction of wires. 
/urged him to put hii wire* on poUt, and stated lo him my ex- 
periments and their rcsulld. 

"I heard nothing of the secondary circuit as a part of Mr. 
Morse's plan until atler his return from Europe, whither he went 
in 183IJ. Il was not until alter this that Mr. Morse used the 
earth as a part of the circuit, in accordance with the discovery of 
Sicinheil. 

" I am not aware that Mr. Morse has ever made a single origi- 
nal discovery in electricity, magnetism, or electro-magnetism, 
applicable to the inrenlion of the telegraph. I have always 
considered his merit to consist in combining and applying the 
discoveries of others in the invention of a particular inatniment 
and process for telegraphic purposes. I have no means of deter- 
mining how far this invention is original with himself, or how 
much is duo to those associated with him. 

^ Shortly after my return from Europe, in the autumn of 16S7, 

tlonmed that Mr. Morse was about to petition Congress for as- 
lance in construcling the eleclro-magnelic telegraph. Some of 
r friends in Princelon, knowing what I had done in developing 
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the principles of the telegraph, urged me lo make ilie representa 
lion to Congress, which I hud expressed some tlioughls of doing 
namely, tliut the principles of the eleeiro-magnelic telegraph h& 
long to the science of the world, nnd that any appropriation whici 
might he mfliie by Congress should Le as a premium for the bca 
plan, and the means of testing the same, which the ingenuity oi 
the country might offer, 

" Shortly after this, I visited New York, and there accidentallj 
made the personal acquaintance of Mr. Mor^w. He appeared ti 
be an unassuming and prepossessing gentlemen, with very llttlf 
knowledge of the general principles of electricity, magnetism, ol 
electro -magnetism. He made no claims, in convenutlion with me 
to any scienlilic discoveries, or to anything bcyotid his pariiculal 
machine and process of applying known principles lo lelegraphit 
purposes. He eiplained to me his plan of a telegraph, will 
which lie had recently made a successful experiment. I thoughl 
this plan heltcr than any with which I had been made acquainted 
in Europe. I became interested in him, and, instead of ia 
terfering with his application to Congress, I gave him a cep 
tificale, in the form of a letter, slating my confidence in thi 
practicability of the electro-magnetic telegraph, and my helid 
that the form proposed by himself was the best that hod be^ 
published. 

"In 1837, ProfeaM>r Gale and Dr. Fisher were the scientific 
assistants of Mr. Alorse in preparing the telegraph. Mr. VflB 
was also employed. I hail been intimately acquainted with 
Professor Gale for many years. He had been a pupil in chem- 
istry of my friend Dr. Torrey, and had studied ray papers on 
electro-magnetism, and, as he informed me, had applied them in 
the arrangement of the apparatus for the construction of Morse'l 
telegraph. 

"About the beginning of 1848, Sir. Walker, Astronomical Aa- 
aistant of the Coast Surrey, in a re|>ort on the application of the 
telegraph to the determination of differences of longitude, alluded 
to my researches. A copy of this was sent lo Mr. Morse, whicli 
led to an interview between Mr. Walker, Professor Gale, Mr 
Morse, and myself. At this meeting, which took place at ml 



I 

' I 
|Lf»i 

r 



MOKSES MAGSETIC TELEORArU. HJ 

office in Waahinglon, Mr. Morse staled Hint lie liad nol known, 
nnlil reading mj pnper, in Janiiaiy, m47, llmt 1 liad, two yeara' 
before Lis conception in 1832, settled [Le point of (he practicaVilitj 
of tbe telegnipli, and sliown how nicclianicitl L-fft^cts could be pro- 
u didlanee, both in the deflection of a needle and in the 
flKtion of an electro-nia^et ; ihnC he did not know at llie time of 
[perimenl?, in 1837, that there had been anj* doubt of the 
action of a current at a distance, and ihni, in the confidence of 
the persuasion that the effect could be produced, he had devised 
the proper ai>paralus by which his telegraph was pm in opera- 
tion. Professor Gale, being then referred to, states! that Mr, 
Morae had forgotten the precise state of the case ; that Mr- 
Horse, prevtuud to his (Dr. Gule'») connection with him, had'not 
succeeded in producing effects at a distance ; that when he was 
first called in, he found Mr. Morse attempting to make an electro- 
magnet act through a circuit of a few yards of copper wire, sus- 
pended around the room, in the University of New York, and 
tliat he could not anccced in producing the desired effect, eycn in 
this short circuit; that he (Dr. Gnle) asked him if he had 
studied Professor Henry's paper on the suhject. and that the 
answer was 'No'; !''»* he then informed Mr. Jlorsc that ho 
would find the principles necessary to success explained in that 
paper ; that instead of a battery of a single element, he should 
employ une of a number of pairs, and that instead of the magnet 
with a short wire, he should use one with a long coil. Doctor 
Gale further staled, that his apparatus was in the same building, 
and, having apparatus of the kind he bad mentioned, he procured 
them, and that with these the action was produced Ihruugh a 
circuit of half a mile. To this statement Mr. Morse made no 
treply.- 

Edivard Davy's telegrnph was patented July 4, 1838. The re- 
ceiving instrument, of commutulor, used by Davy, is in principle 
the some with that of Cooke and Whealsione. It is a borixontal 
galvanometer, upon the rongnetiu bar or needle of which, at right 
angles, is placed a metallic cross-piece, one extremity of which 
imes in contact with a wire or conductor when the needle is 
iflccted, and the other extremity of which is bent down so as to 
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dip constantly into a cup of mcrcuiy. When thU cross-pi 
comes in contact with the conductor, it completes the circuit o 
local battery by efTccting a connection between the conductor i 
the cup of mercury. This receiving instrument is employed 
bring into action a local circuit, first, for the purpose of regisl 
ing marks by means of galvanic decomposition. The register 
apparatus is composed essentially as follows. The fabric u 
for receiving the marks is calico or cotton doth, a strip of wli 
passes between two cylinders. One of the cylinders is of me 
connected with the negative pole of the battery. The other < 
inder is of wood, having upon it six rings of platina, the t 
edges of which press the cotton against the first, or metn 
cylinder. These rings, when brought into use, are conncc 
with the positive pole of the battery. Tlie current from the ri 
to the metallic cylinder passes necessarily through the chemica 
prepared cotton cloth at the point of contact. The result is 
production of a mark whenever the current is made to commi 
cate with one of the rings. The marks made by the difici 
rings have different signification. 

The local circuit is employed, in the second place, to regu 
the motion of the clock-work carrying the cloth, by means c 
U electro-magnet, armature, and lever, which at each moi 
withdraws the stop from a fly-wheel for the space of a semi-i 
olution, during which a single sign is made upon the calico. ' 
stop is thus removed from the fly-wheel by the first impulse 
the current, allowing the clock-work to move always in proj 
tion to the number of signs transmitted. 

The receiving instrument is employed, in the third place 
effect the rehiy of long circuits, — an exhausted current froi 
distance opening a new and fresh telegraph circuit in advance. 

The principle of the local circuit is employed, in the foi 
place, by means of a peculiar mechanism, consisting in par 
two U electro-magnets, with a reciprocating armature to di; 
the long circuit to either of two branches of the telegraph 1 
the receiving instrument being placed at the juncture of the 
branches, and being operated upon from a distant station. 

Mr. Morse patented the relay for long circuits, June 20, U 
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— (wo years after Davy's [utttint for the same in EnglmiU ; und 
for u Bhort, or local dwuit, April 11, 1846,— juit nine yv&n 
after M(»»r». Couku and Whi-ab tone's patent luc llie ^uum in 
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npoaed a description of hi.s invention, and ex- 
nifnt in operaiion lo the French Academy of 
ession of the liHh of September, 183d, and it 
,he weekly journal of the Acndt'my, called the 
days after. That description, however. 



Hid twl include the offier, or local circuit, or receiving maipiet, the 
utilily of which, Mr. Morse says in his patent of 184(>, waa at 
that time unknown. 

11, Adaptation of the Sotmdt produced in making Dots and 
l^'ntt to Andihle Telegrophi/. — Reading by sound, so far as the 
Mor>e telegraph is uuncemed, was jiurcly an al\erthDUghi, taken 
up by the operators of their own accord. It was found desirable 
to have a means of calling the attention of ihe operator b^ audible 
designed at first to have an alarum, consisting 
ilar to that of Cooke and 
ere so constructed ; but it 
lick of the armature was suf- 



signaH and it 

of a bell, to be rung by clock- 

WheiiL*lone, and Ihe first 

ied that the 



ficienl, and the bell dispensed with. We have explained elsewhere 
the inauguration of the nystera of reading by sound, and its great 
results : the credit of introducing, as well as the discovery, as far 
as telegraphing goe^i, is due entirely to the American operators. 
It was discovered by them, and ailopied by Ihem, not withstand' 
ing great opposition on ilie part of the managers of the lines. 

Soemmering, in 1809, rung a bell by electricity, in connection 
with his decompoMng telegra|>h. Ronalds, in 181C, fired a pistol 
by the spark. Franklin set spirits on fire across the Schuylkill, 
by means of an insulated wire and the electric spark ; and Oausa 
and Webt^r produced sounds by means of n 
connection with ilieir telegraph, in 1834. 

But one of the most curious instances in proof of the ci 
nesB of llie adage that there is "nothing new under (ho ?un," is 
Wnd in a little book in the possession of Dr. Wra. F. Channing, 
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cttlktl, ■■ Tbe Mural Diagraph, or ibo Art of Cuavuming through 
a Wall, by Jiiiuca Sivniiu," publishud at Philadelphia, in Itiiif. 
Tliia book describes lui ulphabel of wliat may be callutl auiiiblu 
dola aod lines, intvndi/d for comiuunicatiiig iliruugh a wall. This 
alphabut is also written in duia and lint-s, and a vocabulary 'n 
given at the end of tlie book, consisting of words referred to bj 
numbers. The combination of doU and lines in a i^nvi^rsntion 
given in pjiges eleven and twelve resemble obviously the system 
used by Mr. Morse, as represented in example first, attached to 
hifl patent. When applied to its use, the dots of l/ie Afural alpha- 
b«t are reprettnted by hwekt oh tht wall, and l/ie liiui by tcratchet ; 
some hard substance being used to produce the sounds. 

Ltncd of variable length are tlio simple geometric cspresgion 
of force. The dot ia the simplest geuiuetric represcnlntion of n 
momentary or short exertion of the force eupkiyed, which in this 
cose is electrleity. Tlie line is the simplest geometric expression 
uf a lunger exertion of the Homu furee. and the epoco is ondy the 
interval between the exertions of force, by which suceessiuti uid 
number of signs become possible. 

Duration and number, thus applied lo the electric current, 
appear to be the essential conditions of cloctrie f*legraph signol- 
izing.'nnd lo idvoItc, as th<- geometric cxpnusinn, linen nnd inter- 
vals nf variable length. We are thus eondiicied at once, M soon 
as such linear signs are transmitted by an act of inieliigeoce, the 
represenlfUivo of alphabetical letters, to tlie old geometric alpha- 
bet of dots and lines, which has been already described. 

Tho use of the graphic register in connection with the electric 
telegraph appears, therefore, to indicate nothing more than the 
shnpWt geometric record of the electric force, a$ muduhriol in 
accordance with tlie principle* of duration and succrvsion. The 
registration of tho natural exprewon of force »cems lo be hardly 
separable from the principle of registration it«elf. The linear 
repreaentatiun of force is also ihc very function and purpose of 
the graphic register. 
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WOODBURY-S DECISION UPON MORSE'S CLAIMS. 

The foUowiiit; is an abstract of the ducision of Hon. LctI 
Woodbury, Judge of the United Siaiea Supreme Couri. upon the 
prayer tor iiyunction by the Morse palcntces againel ibe House 
Telegraph Company in 1850. 

The public mind, luuong the acientillc and machinists, had be- 
come so ciciled on the topic of the electric telegraph, four years 
previously to 1832, the period of the voyage in the Sully, that 
numerous attempts nere made in 1828 to carry out into more 
practical use, and to perfect, what Lad been before indicated so 
oflcn and so distinctly, as to the use of electricity and electro- 
magnetism for tlie puqioBe of telegraphing. Jacob Green wrote 
on it. Travoilot proposed to act by a wire froni Paris to Brus- 
sels, and Stui-geon actually constructed, at Woolwich, an appar- 
atus with a hor«e-shoe magnet, end the end of a wire coiled round 
it, communicating wilhthe opjwsite poles of a galvanic machioe, 
and thus supporting a weight, or bar, of nine pounds. 

It is believed thai Professor Heury hod discovered and described 
as early as this, and shown at Albany, in 1829. how to increase 
the power at little expense ; and Fechner suggested that galvan- 
ism could thus be applied to telegraph from Leipsic to Dresden. 

Hut the most surprising discovery on this subject about thb 
period was by Harrison Gray Dyar, another enterprising Amer- 
ican. In 1827 or 1828, he is proved, by Comwoll, to have con- 
i^tructed a telegraph at Long Island, at the race-course, by wires 
poles, and using glass insulators. Doctor Bell fortilies this 

itemeiii, having seen some of his wires, and understood its op- 
to be by a spark sent from one end to the other, which 
mark on paper, prepared by some chemical salts, 
's own deposition, taken since this cau!<e was ai^ed, nnd 
to be substituted for a letter from him to Dr. Bell, which was 
then objeuied to by the plaintiff, and ruled out, now verifies the 
truth of tlie letter, and goes into several details as to the condi- 
tion of his invention, when abandoned, in 1830, from fears of 
prosecution by some of his agents. 

[ He used common electricity, and not elect nwnagnetism, and 
36 
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but one wire, whkb ujicrateil hy n spark, wliicli, afler going 
through paper cliemicully ))reparL-il, so m to leave a rod umrk 
on il, pofiiied into the grouuil, without a return circuit. The Oif- 
ference of time between the t^purks serveJ, by means of an arbi- 
trary alpliabel, to xignify difTereni letterii, anil ihe paiMT wo^ lu 
be moved by the liuud vthilu the lelegmph o|>eruted, lliougli ma' 
chinery wui cuntew plated to be mtruduced fur ihot purjxtse. 
This device of un ulphitbet by Fpuee^ uf lime between sparks 
evinced remarkable ingenuity, and differs in some degree from 
Monc'ii, though very near U in jirinciple. 

In 1R;)0, Boolli, in Dublin, explained fully how eleelro-mogn el- 
ism could be used to telegraph at a distance, and enuM; uuirks in 
be inoilc by the fall of the anuature from the horsu-&hoc magnet 
when the circuit was broken. 

Uut ISarliiw had fiiiled in England from want of more power; 
and following out the new idea of increasing the power of the 
magnet by closer coild of wire and otherwise, and when the want 
of greuier power to operate fiu-ther and quicker, and at less ex- 
pense, seemed the chief de«iilerutum, Moll, in 1830, succeeded in 
making a magnet which would sustain 7^ pounds, and, soon aflcr, 
one that sustained loO pound*, and Pnifedsor Henry, in 1831, 
completed one that couUI sustain a ion (Fig. 97). During this 
last ypar, abo, Fnnuluy Lad maiur^id fully the liorsc-«hoc magnet, 
and caused, under Siuitnn, at a ditlancc, a strong circular motion, 
and brought magnetic eleciricily almwt to maturity. 

While all tlic«o cloorly preceded what took ploee in the Sully, 
and remove very much all iiovolly in some of tlic ideas Uicn 
suggcided, yet it is certain tliat there yet remained to he con- 
structed, on these or olher principles, »ume praeiicjtl mauliine for 
j)0|iular and commercial use, which wuuld conitnunicale to a dis- 
tance by elect ro-mngn el lam, and reounl ({uiekly and cheaply wlml 
was thus communicated. 

From that time forward, Morse is entitli-d to the high credit 
of making attein|its to do thi*. however imperfectly informed b« 
may then hare been of wliat lutil ain'jtdy been ai-coro|>IiiJ)ed 
towards it ; and be has the still higher credit, among the rxperi- 
menlcr* from that time to 1837, of liaving then succeeded ii 
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lecting wbut he di>scribes at ifaat time ia his t^iveut and Epedfi- 
calion. Lutiuring on the same subject, and before 183H, Slur- 




^^ton, in 1832, hod forme<l a rotary eleelro-raagnctic machine, 
which gave motion to working mo<lels of machinery ») as to 
pump water, tinw wood, and draw wuighis. He hud baitcries of 
Einc, and electric currents from ihem, and magnets witit ailraction 
and repulsion. And Burun de Schilling, the same your or the 
next, constructed an clecirie telegraph at Si, Felorsburg, which 
had thirty-iix mngnclic needles, and eoundfid alarms and made 
signals by the deflection of the needle, which indicated Jclter.s by 
nunibei^. 

In 1833, Dr. Scullher. at Zurich, caused a pendulum motion 
between [wu hur<c-;lioe mngneis, and Itiidiic, with various oth- 
ers, nhowed how incrcjwcil power could be cheaply created and 
used M a distance. And Professor Henry outde experiments for 
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tbia object witli success, and explained ihul llie full of the weight 
or armature would ring belts, &r. 

Gauss and Weber co»alructe<l llic first magnetic telegraph at 
Gottingcn the sftme year, carrying the wires abore ground and 
over houses, and making sign* tor letters. Some of their wires 
are still standing. And in 1834 Jaeobi made ouc similar in some 
respects. And Mr. Gurly, at Dublin, made another, and in 
183G Tnquin and Eutychaussen carried another over ihe streets 
of Vienna. All which remained to complete wliat was desirable 
in a tracing or writing telegraph nt a distance, wns to make dots 
or marks intelligible or significant of letters and wordii, so as to 
be read or tmnshtted with ease, and to [terform the operation with 
useful s|iecd. 

To make colored dots, by means of chemically prepared paper, 
had already been discovered, but not an alphabet in eonnectioa, 
unless by Dyar in 1828 ; nor a movement of the paper on a 
roller, go as to make the dots and marks successive, unless by him 
with the hand. The struggle was such, in 1837, to finish what 
was wanted, that Morse became alarmed lest others might first 
complete and obtain jialenta for the invention, and hence proceeded 
more actively with his ; and in 1837 filed his caveat, in the month 
of Octoljcr. In the same year, whether earlier or later is not 
known, Alexander formed an electric telegraph, by which, through 
signals somewhat like Morse's, ho communicated and spelled out 
at a distance Ihe word Vietoria. There is al^ evidence that this 
was done earlier, using a key-board, and letters on each key, like 
House's. Davenport, loo, in Vermont, announced anotlier, and 
obtained a |iatent in 183S. Cooke and Wheatstone took out a 
patent for theirs in June, 1837, making the defiection of the 
needle point lo letters on a board. 

Steinheil, that year, had at Ihe Royal Observatory an elcctn^ 
magnetic telegraph, half a mile long, on poles. This made dots 
and short marks on paper, and preceded Morse's etiveat, according 
to Dr. Channing'a evidence and that of Hibbard (being before 
July 19, 1837), and also that of Gould. 

It used the ground as a part of the circuit, which use hiid been 
before discovered, but to which Morse does not appear u 
a claim, lill his first rencwa\ in 1&4%. 
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Nor did Moree use |iole9 or post- at firM, in 1844, whun 

itniuting a ti;legm[ili belwecti lialtimore and Wtb^liington. 

lougli tliey were u«ed b^ Steinli«il before 1839, and \iy Dyar, 

r«ven ia 18'28; nnd were suggested to Morse, as early aa 1830, 

ly Professor Henry ; yet Morse thinks he himself invented tliem. 

.fter all this, there still wa* warning a more perfect succession 

tDarke to be made or recorded, whicli were lelteis tLem-selTcs, 

aignB of letter*, intelligible by an alpliabct and power obtained 

and applied so as to do it quick enough for purposes of business. 

This deficiency was at length supplied. 

Among about tixty-two eompeUfort to the dUcoitry of the tlertrie 

rffrapii Up to ISSB, Morse idoue, in 1837, seemed to have 

Lclied llie moat jtcrfect result desirable for public and practical 

This jany not have been accomplished so wholly by tlie 

;ionofmuchIhat was entirely new, ashy " improTcments," to 

the language uf his patent, on what had already been done 

same subject, improvements ingenious, useful, and valu- 

By the needle, or lever instead, not only deflected by the 

Lgnel, but provided wiili a pen to write, or, in other words, a 

at llie end lo lUHke a dot or stroke when thus deflected as 

Tiia held longer closed or broken, with machinery to 

!ep the paper moving in tlie mean time, and so a^ to inscribe 

le dots uiid lines eepamlely, and more especially with an alphn- 

it, invented and matured, assigning lettci^ and figures to these 

id lines acconliiig lo their number and romhinalion, he 

implishcd the great desideratum. Thus the fortunate idea 

last funne<l and announccii, which enableil the dead 

mnchitic to move and speak intelligibly, at any distance, with 

ligblning Hpced. 

bo seen that, amidst all these efforts at telegraphic eom- 

iDnicHtioo by means of electricity and electro-magnetism, more 

IwM succeatifal from 1745 to 1S38, none had attained fully lo 

'hat Morse accomplished. 

Some hail succeeded in sending information by signals, even 

beyond the decomposition of water and the declivity of [he needle. 

They bud made perfons at a distance recognize tlie sign us 

id tiius obtain intelligence. They bad also mnde marks a 
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ili^Uincu. But in no M-iij doea il upjiear tlint ihey 1 
inrormtttion Ht a dUtuni'c. ariU ni llio Mime moment, by ilic funic 
machini!, Inuiod iloivn tuid n.'ourili.-d il (leriuunciill^ anil iiitulli- 
gibly and (luiokly. This iriumpli wiu rc^ervi^ to Morsc'f inflex- 
ible portcvenuicti in expvrimt^nt^, mid cla^ obscrvaiiun ; and 
(■hii^riy ativr unning llie end uf the ncvdlu or lever willi a pin, by 
u^ of n rotlur with approprittte maeliiner/ la move liia ]>npirr, so 
ns to Irucu euctK^ssivu Aula and iiuirks, and hy a 5lcn<^ni|ihic 
nlpliulx^l lo (explain ibo murks made on llic pajxir, wid, by more 
power tlirougli his cuuibiut^d circuit.^, lo efTect all at n gri'utcr 
diMnnn-s und willi greater de^patt-'li. Al\i;rwurda by llic improve- 
ments in liotlcriiij hj Daniidl aiid Grove, in 1843, he was en- 
abled, wiihout tlieso local drt^uitii, to iucrensv ibc jwwcr of the 
•Icclro-mngncl, «o as lu ajvumplisli this at any dietaiice, and wilh 
a »pccd and economy wliich rendered the invention npplieablo to 
fpineral u»c. Bufure 18-13, Han-'s battery was used, and was loo 
fecbk, and beforu tlial, Cruik.sliank'^. The want of ibis increased 
[lowrr but] rendered former uttempU al lilnes abortive for pran- 
Li<Tnl purposes ; and its being recently sajiplied by the science of 
Faraday nnd Henry tended more s|iceilily, t>y l>aniell and Grove's 
iMllor^-, founileil on them, lo remove the grealcal obstacle lo buc- 

Others hod before, and about the tome lime, m has been 
noticed already, mode marks on [>a|n'r, at a distance, by the ile- 
llection of the needle, and by »pnrks, and nllaelicd spceial mean- 
bg« lo them, and ihc spaces between iliem. But the evidence ie 
strung that Morse'fl, if not iIhi very first, in thc^e respeelti, waa 
the mosL iierTecl and available for praciieal use, and the improve- 
ments by otliers in batleries came very oppttrlunety to aid in iia 
power fur diHinnt o[ienition«, licyond whni even the loral eircuits 
had dune. His »|iecial lulTaiicc beyond others, except some 
new mmltinntion. looks as if cbicfly mechank-al, but still it M 
flcod to promote Ihc desired object 
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trie lelegr«|ih is extracted from a letter •rrilli-n by Mr. Dynr 
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I Dr. Lulhcr \. Bell of Chftrleslown, Mass., duied Paris, 
^840: — 

" I invented a plnn of n k-lpgrnph, wLJch sliould be indepond- 
t of day or ni<;lil ur wtuilicr, wliich sbuuld extend from lavaa 
town, or city tj city, witliout any iuierme diary agi'iiey, by 
;ulutc(l wire in iLe air, su^pcDded on jmIus, and 
jugh wliiuli wire I Jrilcnded to ecixl strokes of electricity in 
Ihftt Ibe diverse distances of lime Hiparating 
1 sparks sbould rupresunt tbc different letters of the 
^pbnbvt, and slops between ttie words, Ac, &c. This absolute 
) relative difference of lime between the several ppurks, I 
intended to lake off from un electric machine by n liitle mechan- 
ical coiilrivHnco regulated by n pendulum, and the sparks were 
intended to be recorded upon a moving or revolving sheet of 

Jjnoi«ttned litmus-paper, which, by tbc fonnution of nitric ucid by 
She spurk in the uir, iti its postage thraugb the paper, would leave 
jH red epot for each spark on this blue test-paper. These so pro- 
duced red spots, by their relative iiiltrspaces separating tbcm 
iSevernlly from eocli other, being taken as an e(|uiva]eiit for Ibe 
letters of the alphabet, &c., &e., or for other signs intended to bo 
transmitted, wbenby a. correspondence could be kept up through 
one wire, of any length, either tn one direction, or back ond 
ibrwards, simultancou'ty or successively, at plea.'^ure. In addi- 
tion to this u-e of eletlricily, I considered that I bad, if wanted, 
an auxiliary resource in the power of fending impulses along tlie 
same wire, properly suspended, somewhat like the action of a 
common bell-wire in a house. Now you will perceive that this 
plan is like the plan known as Morse's telegraph, with the excep- 
tion that bis plan is inferior to mine, inasmuch as he auil oiliers 
DOW make u>ic of the electro-niagnetic action, in place of tbe sim- 
ple spark, which requires that tbey should, in order to gel dots or 
marks upon paper, make use of meelianical motions, which re- 

e time lo move, wlicrcas my dots were produced by chemical . 
kction of the epark itself, and would be from that cause Irans- 
njlled and recorded with any reijuirod velocity, only preserving 
llie relative distances U-tween the sparks, which is a decided 
■«ui)criorily over the use of motions gut by the eleetro-mngnt 
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muliTe aclion> Pertiaps Mr. Morse wna not sufltdcntlj familiar 
with eleririfiiy to know of tliis I'aculty. My idea is, Uiat Mr. 
Moi'jc, wliiiD returning (o America, as you menlioneti, got, bj itic 
concerdoliun with Mr. JitckEon, isome noliou about carrying elcu- 
triL-Liy iilnng a wire, which (enabled liim to understand the nature 
and mode of operation of my wire telegraph, wtiictt he must liuvo 
beard bia brother-in-hiw speak of its a wire reaching from city to 
city. I may do his sduiicc and inrenliveness injustice, but you 
know the intjmai^y betweeu Cliarled and myself, and the presence 
and relation b<!twcen liim and Mr. Mor^. I believe tluit Mr. 
Moi-se i* not known to be an inventor or a man of science, and 
for such reasons not likcdy to originate such a project. 

" In reference to what I did lo carry out my invention, I asso- 
ciated myself with a Sir. Brown, of Providence, who gave me 
certain dum« of money to become a.ssociaied with me in the in- 
vention. We employed a Mr. Connel,' of New York, lo aid in 
getting capital wanted to carry the wires to Philadelphia ; this 
we considered la accomplished; but, before beginning upon the 
long wire, it wa^ decided tliat we should try some miles of it on 
Long Ulaud. Accordingly, I obtained some fine card wire, in- 
tending lo run it several times around the race-course on the 
Island. We put up ibis wire, tliat is, Mr. Brown and toyself, at 
difftircnt lengthy in curves and straight lines, by suspending it 
from fltake to etake, and tree to tree, unlit we concluded that our 
esperiments justified our undertaking to carry it from New York 
lo Philadelphia. At this moment our agent, Mr, Connel, brought 
a suit or summons against me for S 20,000, for agencies and ser- 
vices, which I found was done to extort a concession of a share 
of the whole project. I appeared before Judge Irving, who, on 
hearing my statemenl, dismissed the suit as groundless. A few 
days afttr this, Joseph F. Whit*, who knew about our plan of a 
new telegraph by wire hung up in the air, and who was our 
patent agent, (intending lo takn out a patent when we could no 
longer keep it a secret.) came lo Mr, Brown and myself, and 
stabitl that Mr. Connel bod obtained a writ against us, under a 
charge of conspiracy for carrying on secret communication from 
city lo city, and advising us to leave New York until he coul 
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ettle the ofTair for as. As you may suppose, tbis happening just 
loiorious bank-conapiincy triaU, wc were frjghiened be- 
'ond measure, aii<I Uie same niglit slipped off to Providence, where 
i remained «ome time, and did not return lo New York for iBiuxy 
nit tben with mucli fear of a suit Tliis is the circum- 
stance which put an end, killing cfTeciUHlly all desire to engage 
iiriher od such a dangerous enterprise. 1 think that on my re- 
im to New York 1 advised with Charles Walker, who tliought 
mt, however groundless such a eluirge might be, it might giTO 
le in&iitc trouble to Bland a suit. From all this the very name 
F Electric Telegmph has always given me pain whenever I 
lave beard it spoken of, until I received jour last letter, stim- 
lating me to come out with mj claims; and even now I can- 
Ot overcome the piunful association of ideas which the name 
isciies. 
"I observe in a New Y'ork paper, that a Mr. O'Reilly Iras 
fered a reward of $300 for the best essay on the progress of 
Electric Science, with reference to the eleilric Iclegrapli, to be 
iresented before next Msy. I suppose this is done by him wilb 
^ view lo discover grounds of invalidating Mr. Morse's patent. 
[f you think it best lo write to him, pray do so, or to Mr. Itlorse ; 
had an account of my telegraph tbrougb M>. Walker, 
^d will state the same, I should not wish to injure his patent, 
■rhich could be no gain to me. In fact, after the lapse of so 
y years, it might require my presence in America to get suf- 
teient evidence to invalidate bis patent. Altbough the love of 
kme is loo feeble to etimulate me to take any pains to eslabjish 
y just claims to this invention, yet it gives mc much pleasure 
see nn old friend interest himself thus in my behalf." 
The following testimony was given by Dr. Bell, in the suit for 
D injunction above referrird lo. 
" I was very intimnicly acquainted wilb Harrison Gray Dynr, 
■om about 1828, lill llic period of bis leaving this country, in the 
pring of 1831, OS near as I can remember. He resided in the 
y of New York ; his age was a lillle more than my own. In 
ay judgment he was a man of the lilgbrst inventive skill and 
identific attainments ; Ue was engaged in various luccbanicol in- 
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He went 
ftdvantagcs from some of liis inccbniiicul in 
has, I believe, been eminently suceessful. I mi 
in Uan.-h, 1H45 ; I have lieard from Lim in vai' 
lie viHled me here, wiiliin two years ; he now re. 

" I was engaged with Harrison Uray Dyur for 
1828, and often conver^d upon the subject of his having in- 
veiiieU un electric telcgraiih, and I recollect seeing in his npan- 
ment a quantity of iron wire which had been procured by him 
for the purpose of erecting a lelegi-aph. 

" I recollect his speaking of his having placed a quantity of 
this wire at Hn elevation around the mce-cour=e at Long Island 
(at the old Union Coui-se), lo u length which satisfied him that 
(here were no practical diihculties in carrying it from New York 
to Philadelphia, which lie stated to me luid been his inleniion. I 
recollect suggesting doubts to liirn whether the wire would bear 
the neccs^'ary straightening up between the post?, and hir< reply, 
that the triuJ on Long Island had proved to him tlutt there was 
no diffieiiliy in this course. My understanding, thus derived from 
his conversation, was, that the electric spai-k was lo be sent from 
one end of this wire to the other, and tliat the spark waa ex.- - 
pected to remove or to leave its mark upon some chemicully pre- 
pared paper," 

This concludes our eKtmcta from authoriliea upon tlie matter 
of previous inventions and discoveries made in electro^lynam^e8 
at thp lime Mr. Morse filed his first caveat in 1837. We do not 
deem it necessary lo offer any opinions in the matter, as the 
render, having all the facts before him, is fully as well qualified as 
oursi;lf lo form a. correct judgment as lo the extent of Mr, Morse's 
inventions. We have fell it lo be our duty, however, in com- 
piling this, to bring forward all the proofs of originality or 
otherwise which we have been able to obtain, in order that each 
discoverer or invenlion might have the due share of credit. 

The letter of Mr. Dyar, upon which the most implicit confi- 
dence was placed by the laic Hon. Levi Woodbury, contains mat- 
ter of great interest. It Bccma difficult for us to believe, that, 
thirty years ago, a man of the greatest scientific ability i 
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bitgcd lo flee from the great metropolis of our country, from the 
Kr of prosecutiun for inventing and operating an clectriu tele- 
nph. And yd such unquestionably' was the case I 

e have seen, the telegraph of Mr. Dyar could not have 
a success, owing to the use of frictional cli-ciricity, even 
had Ijc been unmolested iu his operations, and no (.-k-etric tele- 
graph WAA praclicalty possible until the discovery of llie constant 
ballery by Profus^r Daniell in 1837; but it only needed [liU 
discovery to render it one of ihe best of re(!ording lelcgmplia. 
In less than ten years from the j>criod of Mr. Dyar'a un^uo 
cesaful debut in New Yorit, the eiiielric lelegruph was hailed as 
the most wonderful discovery of modem science, and its intro- 
duction as a means of communication, us one of iBe greatest bless- 
ing* of the age. 

^ How wonderful that nn all-wise Proridence should po order it, 

Bttat the inventions and improvements of the age Ehould exactly 

^Plieep pace with tlie march of the human mind 1 

H The electric telegraph would have been of no comparative 
value a hundred years ago, even if, having been invented then, it 
had iicen allowed to work ; but it has been a natural conseiiuence 
of the inventions In steam, — following closely upon the introduc- 
tion of the steamboat and railroad. Within the past ten years it 
has taken such a hold upon the common aAiiirs of [he wurld, aa 
to be looked upon as a necessity, and rivals in importance even 
the mail itself. 
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PART XI. 



CHAPTER XXII. 

GALVANISM. 

In the first part of this work we dsYoted some pages to the connd- 
eration of the subject of GalTanism. .We ahall now present the matter 
I at greater length, with a view of illustrating the various theories 

which have obtained in regard to it, and to show what kinds of 
batteries are best adapted for all kinds and lengths of telegraphic cir- 
cuits. The following is mainly an abstract of Dr. Midler's paper, 
translated from the Grerman for the Smithsonian Institution. 

Brief Sketch of the Theories. 

Yolta found that when a slip of zinc and one of copper were sol- 
dered end to end, the one exhibited signs of positive, and the other oi 
negative electricity. He therefore concluded that the electricity was 
due to the contact of the two metals, and that the acid of the circuit only 
performed the office of a conductor. This view was at first generally 
adopted, but, as the phenomena came to be more minutely studied, it 
was found insufficient to explain them, and Wollaston, Davy, and oth- 
ers adopted the hypothesis that the electricity was due to the chemi- 
cal action of the acid on one of the metals. It has been shown that a 
galvanic current can be produced by the action of two liquids without 
metallic contact, and therefore the theory of contact requires to be so 
modified as to extend the idea of contact to that of the liquids &s well 
as the solids of the galvanic combination. On the other hand, it has 
never been fully proved that the contact of two metals does not in 
itself produce a disturbance of the electrical equilibrium, though this 
effect does not appear sufficient to account for the great amount of 
electricity evolved in the action of the batter)'. The two theories, 
properly modified, appi*oximate each other, and each, perhaps, involves 
elements of truth. 
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Tbe IijpothcaU, Ibat the development of eletrtricit}? a only the non- 
sequence of cbcDUC-iil atlion, — that without chemical decompoeitioo 
of the electrolyte, no electricity can appear in the circuit, — is that 
agunst irhich the attacks of tbe advocates of the contact theor)' were 
directed; and it is, indeed, opposed to a great number of facta, The 
chemical theory, in this form, ignores completely the fundamental ex- 
periment of Volta ; it docs not explain how the tension of electricity 
of the open jnle increases with the number of plates. Bui what is 
moat inconsistent with the maintenance of tliis theory ta the ciirum- 
stance that a niunber of galvanic circuits can bo constructed, in which, 
when open, not a trace of chemical decomposition takes place, but 
which nevertheless give rise to currents when they arc closed. 

Schdnbein, in a memoir On the Cause of the Hi/dro-EUclric Current, 
has referred to several such circuits. A solution of perfectly neutral 
sulphate of zinc does not attack zinc ; yet a combination of dnc and 
copper in this solution proiluces a current. 

Another weighty objection to the form of the chemical theory, 
whiuh attributes tbe formation of the current to a preceding chemical 
attack upon one of the melals of the circuit, is that the electro-motive 
force of a circuit is not at all proportional to the violence of the attack. 
If the copper of a DanicU'a battery be placed in a sidution of sulphate 
of copper, the electro-motive force of the apparatus is almost wholly 
'Vnebanged, whether the liinc tn plai«d in water, dilute sulphuric acid, 
or in a neutral solution of sulphate ot' zinc. This has been proved by 
Svanbcrg, among othcni, by accurate measurementa. If the current 
had its origin in chemical action, the electro-motive force should be far 
greater upon application of dilute acid, than of water and sulphate <J' 

It is a fact that the current of the water battery cannot circulate 
without dccoroposiiion of the lifpiid. The dec(«nposifion appeara 
essentially connected with the passage of the electricity through the 
liquid, and the contact theory has fully acknowledged the important 
part which chemical deeompn«ition in tbe cells plan's in the formation 
of the current. A dippule as to whether derompoaition is the cause of 
the electrical current, or whether the chemical decomposition in the 
battery is preceded by a «atc of electric tension, the source of which 
we need not at present ask, is the same as though there should be a 
controversy as to whether the motion of a water-wheel is owing to the 
fall of water or the weight of water. The weight occaaons the fall, 
and the fall the revolution of the wheel, just as the electric tension 
IS chemical decomposition, in consequence of which the current 
37 BB 
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circuities- Svcn Faraday, who is prominent in mainUuning; chemical 
deeomixBilion as the source of tlie cicolrical current, concedes that 
docompotdtion in prtH.'e<)c(l by aaiatc of teoBion of the liquid; lijr he 
aaya, id the caso where he applies his theory of inductiou to electro- 
lytic docomposilion : — 

" The theory assumeB that the particles of the dielectric (now an 
electrolyte) are, in the first instnncc, brought, by ordinary inductive 
action, into a polarized sUte, and raised lo a certain degivu of tension 
or intensity, before discharge comnieuees ; the inductive stale biding, in 
fact, a necesaary preiiminarg V> discharge. By taking advantage of 
these circumstances, which bear upon the point, it is not ditliciiU to in- 
crease the tension indicative of this state of induction, and so make 
the state itself more evident. Thus, if distilled water be employed, 
and a long, narrow portion of it placed between the electrodes of a 
powerful voltaic battery, we have at once indications of the tnteniuty 

which can be sustained at these clcetrodes, for sparks may be 

obtained, gold-leaves diverged, and Leyden jars charged." 

Thus Faraday concedes that a polarized state precedes decomposi- 
tion of the electrolyte iu the separatecells of the battery; conse- 
quently it prttcedcs the formation of the current. The difference 
between Faraday's theory of the pile, and the contact theory, is not 
to be (bund iu the fact of deriving the circulation of the current from 
chemicBl decomposition in the cclla. The contact theory supposes that 
in the water-baltcry the formation of the current is the coneeciuunce 
of chemical decomposition in the cells. It also suppatca that this de- 
composttioB must be preceded by a state of tension ; and it is only in 
reference to the cause of this tension, which is nothing else than the 
electro-motive larce, that there can be any difference of opinion- 

Schonbcin has attempted so to modify the propositions of the two 
theories as lo bring them tnore in harmony- The following arc the 
principal features of his theory, extracted from his own paper : — 

"Whatever may be the cause or, force by which elementary sub- 
stances are enabled to units together into an apparently homogeneous 
body, and to continue in their new combination, this much is certain : 
that a change must always take place in their condition if a third ele- 
ment is brought into contact with one of the substances, which exer- 
cises a perceptible cheuilcal attractive force upon the other componenla 
of the compound. To illustrate our idea, let us select water as an 
example. Oxygen and hydrogen are held together in this compound 
with a given force ; or, to express the same thing m other words, the 
chemical attractive forces of the elements of water are in a stateof 
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etjuilibriura. An oxiddble nibsUnce, u xinc, being nou brought into 
contact with wattr, it will hate acbpmical&ttraociun, of a i-tTlain itilea- 
wty, fcr thB oxygen of the water. But, in fonscquetice of thig sttrac- 
Udh, the I'hi-'nuual relation which subaisteJ between the oxygen and hy- 
drogen before the presence of the tine tniut be chaoged, or the state of 
the original chemical et|uilibriuiB of these elements is modified in a 
certain degree, or destroyed; or, mother words, under the cireiimatanees 
iiienUoned, the oxygen in each particle of water will be attracted in 
two oppodto direetions, — towards the xinc in contapt with the mole- 
cule of water, and also lowardji the particle of hyilrogcn contuned in 
this molecule. 

" Now, since the Icaet mechanical molecolar change taking place In 
a body disturb* its electrical equilibrium, or its particles become elec- 
trically polarized, the above-<]etMTi1>ed change, caused by the linc, in 
the original chemical aflinity of the oxygen for the hydrogen of the 
s followed by the electrical polarixation of the substances in 
act with each other. The particle of zinc nearest the water be- 
es pcdtive ; the oxygen side of the molecule of water toaching 
zinc is negatively polarized ; the hydn^en side of the saoie par- 
lie poaitivcly. It is self-evident that the particle of water in contact 
will exert an inductive action on Ila ailjoining molecules, 
latter upon the next particles, and so on, until all the molecules of 
water connected together arc in the state of electrical oppodtion or 
polarisation. Since an inductive action traverses the particles of water 
from the place where the linc and water are in immediate coutat^t, 
" the contiguous particles of zinc become polariied, and in such a 
that the aide of each particle turned from the water indicates 
1 polarity, and the side towards the water positive polarity- 
ty placing In this polarized water a good conductor, or a substance 
lily electrified which Is Indifferent towards the oxygen of the water, 
such as platinum, the sides of the particles of this substance in imme- 
diate contact with the Hater become negatively electrified, and the iiides 
~ tile same particles turned away from the water positively, in conse- 
Inductive ac^n, which is exerted by the polarized water 
III the platinum. 

All the other particles of the platinum are similarly afTected, that 
the ude of each nMJecule turned from the water has positive polar- 
; that of each molecule turned towards the water, negative. 
The Mlowing diagram gives a clear representation of the electrical 
idition in which the particles of liac, water, and platinum are 
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"It is very evident that tbi» condition of all thp pHrticlcsof the mib- 
Uice in queatioQ irjll last as loDg as the (-ause producing the polar- 
ization exista; that is, as long 
BS the chemical attraction of 
the zinc for the oxygen of 
the water continnee. But if 
the contact of the zinc and 
wnter be liroken, the oppo- 
fiiin eli'ctrical conditjoiia in 
wliieii the hydrogen and ox- 
ygen of each molecule of 
TCater exist are neutralized, 
which is necessarily followed 
by a like change in the par- 
ticles of platinum. 
" Now, by placing the particle Z of the arrangement in contact 
with P, tha negative side of the former will be in connection with the 
ponlivo side of the latter, and the opposite states of the two particle* 
will mutually neutralize each other. But at tbo same moment in 
which the equilibrium takes place in these particles, it takes pUce 
between each two contiguous particles throughout the whole eircuil j 
consequently, between the posi^ve side of a particle of zinc in contact 
with the water and the negative oxygen particle of a molecule of 
water in contact with the zinc. Likewise, the electro-negatiTe stats | 
of a particle of platinum is in equilibrium with the positive Mate of 
the oxygen particle of the water molecule with wliich it is in contact 

" Tbe electncal equilibrium which now takes place between eadt i 
metallic particle and each component of a uv'lccnlc of water is not i 
possible without a dccompoMtion of the latter, and tliis very act of 
equilibrium must bo conadered as the true and ultimate cause of the I 
electrical decomposition of water. i 

" Evidently, according to this view, the actual combination of the 
oxygen with tbe zinc of the battery is rcgartlcd as only a secondary 
action of the current, or the act of electrical equilibrium, and not aa 
the cause or source of the current itself. The chi-mical combination 
of the molecules of oxygen and zinc being completed, and a sulMtancB 
being in the water which can remove the oxide df zinc from its plac« 
of formation, a new particle of zinc will come in contact with a molfr- 
cule of water, and the latter, with all the particles of oxygen lying 
between the zinc and platinum, will be electrically polarized anew. 
By keeping the circuit closed, & neutralization of the electricalq 
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■ition will take [j|ni!C between eaeh two contiguoua particlea of tlie 
volt&ic bani-rj-, aud the decomposition of new oiolticulca of water 
fullows ; anil iLus pruci'dlB polarizing and dtpolariiing. drcuIaUoii nnJ 
electrolysis, until the nccesMry cooilitions coaM to bo fulfilled. 

" Sup[>o«u DOW that walur ia placed between two metals which man- 
ifest oil L-xat.'tl)' equal attractioa for oxygen ; it It evident that ii will 
3 drawn with equal Ibrce, under these circumglances, in oppoMte 
; hence, the elTects upon the particles of water by the metal* 
mutually destroyed, the components of these molecules will 
It be polarized, and in clouug tut^h a circuit neither cireulal'ion dot 
Ktralytic actbn can take place. 

It if the water be placed between two metals, one of which biu 
r affinity tor oxygen than the other, tho chemictil cijuitibrluni 
ing between the components of each molecule of water will be 
Mroycd, and iu proportion to the dilTercaces of oxidability of the 

" Since the destruction of the chemical equilibrium between the com- 
ponents of the particlea of water alao involves the destruction of elec- 
trical eijuilibrium, and the latter a aa much more coudderable as the 
former is greater, it follows that the degree of electrical pnlonKa- 
tion of the molecules of water between metals must be proportional 
to tlic difference of osidability of the said metals ; or, lo exprew 
the same thing differently, the magnitude of the electrical U^nsion 
which the parts of an open circuit have for each other is measured 
by the magnitude of the difference which exists between the degrees 
of oxidability of the metals composing the circuit. 

'■ Now, if the oxidnliilily of a metal is actually related to its voltaic 
action, as stated, !t 'i» very evident that the place which a inetBllic 
boily hu in the tenuon series of (he contoctiets denotes the degree 
which belongs to the same metal in the scale of oxidability of melallie 
bodies. Comparing the tension series of the metals obtained by water 
and the galvnnoscope with the scale of oxidnbility of the same bodies 
determined by ordinary chemical methods, it is impossible not to see 
tlie great accordance between the two scriea. 

" Now, since we have a number of electrolytes in which other metal- 
loids than oxygen, such as tho haloids, sulphur, and selenium, play the 
part of anions in their combination with hydrogen, it follows from 
what has been s«ud, that the electrical tenaon series of metals deter- 
mined with different electrolytes cannot aeconl with each other per- 
lectly. This want of accordance has been placed beyond doubt by 
■ experiments, and tho number of cases a not very sou 
37" 
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wtiioh the same two metalK mitnifest a diScrent Toltolc relation Ibr 
each oihcr when they nru placed ia Uifii>rent elec^trolytic tiijuitls ; so 
that the same metal iTbicb in onu liquid u positive towards the second 
metal, inaniloBts tbo opposite Id another liquid. 

" TTiB vase of a reversal of volt^c aelioii wliioh the same two metals 
exhibit ia two ditTercut liquids must, in accordaDCu with tliu ahovo 
Rtatcmeala, always appear when thu chemieal relation of thow melala 
to the anions of the electrolytes used it not the same ; that is, when the 
affinity of one and the saniu metal for the two anions of the electrolyte 
docs uot exceed the affinity of the other metal for the same anions, or 
shows the opposite relations. 

" Experience above all teaches that in general tiio proportions of 
affinity which exist between the metals and oxygen are similar to 
those which take plaee between thooo bodies and the haloids, sulphur, 
selenium, &c. ; hence the voltuc relations which the metals- manifest 
in ele(!trolylie liquids not coatainiDg oxygen, accord so frequently with 
those which are observed in the same bodies in water. 

" F^t us now consider those batteries which consist of one metal and 
two electrolytic liquids. 

" The most interesting example ia that composed of water, mutialic 
acid, and gold. 

" This battery yields a cnrrent which pases from the gold to the 
acid, and from this to the water. Tliis current is very weak, and, by 
reason of the rapid positive polarization of the gold immersed in the 
water, it soon ceases Ui have a measurable strength. The origin of this 
current depends upon the simple fact, thai the gold possesses a greater 
cbemical affinity for the chlorine of the muriatic acid than for the 
oxygen of the water. 

" It is easily inferred from the preceding explanation, that all voltaic 
arrangements consisting of two different electrolytes and a metal must 
form cirenits, in case the metal used has a greater chemical affinity for 
the anion of one of the electroljlic bodies than for the anion of the 
other. It is likewise evident that the force of the current thus produced 
must be proportional to the diflercnce of the two affinities. 

" It need hardly bo mentioned, that other than metallic bodies can 
also be placed at either end of a continuous series of elcetrolyUc 
molecules to polarize them. According to the chemical relation which 
such bodies manifest for the anion or cation of an electrolyte, its mole- 
cules will lie polarizcil in the latter or the former direction. 

'■ If, ftr instance, chlorine be brought in contact with one of the ends 
of a scries of particles of water, the chemical wjuilibrium of this molecule 
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will bo dcat.rorcd, and i(a hydrogen adc will be directed towards the 

chlorine. If the end of a platinum wire be pluced in contact with the 

chlorine, and the otbiir end of the Game wire in eoutoet with any par- 

ticle of water of tbe aamc series, a current must arise, passing from 

this end of the platinum wire through the wat«'r to tbe chlorine, 

while the latter combines chemically with the hydrogen of Che water. 

■■ On the contrary, a non'metallie substance being placed at tlie end 

It CMntiunoufl Eeriex of molecules of water, having a cbcniical atlrac- 

n for the anion of this «eriea, polariEalion of the particles of wsler 

I occur, and it will be oppoute to that which chlorine occasions in 

iWfiuch a suhsCance, for instance, is sulphurons acid, which tends to 
B with the oxygen of the water. This tendency is sutBcient lo 
unze tbe particles of water, and nnder favorable cireumslAncci 
Bgct the current in motion. 
•* By placing at one end of a series of molecules of water a body 
chemical affinity for thu anions, and at the other end a 
c having affinity for the catjons of tbe molecules, it is evident 
~ » will be under a double polarizing influence, and the 
^ forces cooaing into play will mutually increase e-ach 
other. A series of such electrolytic molecules, having, tor instanco, 
chlorine at one of its ends, and nilphurons acid at the other, ifekeed 
by a conductor forming a voluuc circuit, must generate a current 
mger than that which appears in tbe cases where chlorine alone or 

IS acid alone is used, other things being the same. 
^It is hanlly necessary to remark, that my hyilrc^en and platinum 
a well Hs Grove's new gas pile, are voltaic arrangementt, 
ich, although presenting some peculiarities, belong to the clan of 

IS described above." 
Schdnbein finally describes tbe stxalled hgper-oriilt boHery. By 
oorang in water a clean platinum plate, and one furnished with ft 
ering of hyper^oxide of load, a current will arise as soon as the 
nctal plates are put in metallic connection ; and the positive cup- 
It will pass from iho clean platinum plate, through tbe liquid, lo 
licr, covered with the hyper-oiide of lead, 

a formation of the current, as well as its direction, is easily cx- 
(ned. 

It is well known thai half of tbe oxygen in the hypeiMixtde oxhib- 
i & gnat tendency to si>|)arate and combine with oxidable bodies. 
Pibnbcin has. moreover, shown that this second portion of oxygen in 
L' hyper-o.xide bas B greater afHnity for oxidable substancoB 
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thnn even uncombinod or free oxygen; honce the hj-per-oxidc mS 
polariie the particlca of water in suoh a manner that the li ydrogoi 
■id«s lum towarda the hyper-onide. Other hj^wr^oxide* act in like 
manner. 

If wc compare Schiinbein's theory with the contact Iheorj-, we mm 
understand that tliey both run parallel, — iliat the phcniimeua of ths 
open and cinwd battery can l>e explained eijually well by both; br 
Schonbein only removei the place of excitation of electricity from llw 
point of contact of the metals to tiie point of contact between m«tal 
and liquid. But Schonbeia'a theory has a decided advanUgio in lliia, 
— that it can dcEennine belbrchaml, Id all voltaic comhiDationg, tin 
direction of the cnrt«ot, from the chemical relations uf the sulotance 
fbrming the battery, while the contact theory is wanting 
principle. 

That the sainc metals give a current first in one direction, and 
in another, according as one or another liquid is placed between 
ii perfectly explicable, according to the modified contact theory, 
the different electro-motive relations of the liquids 
Scfaonbein's theory not only altowi the poeigbility of a reversal of the 
current by changing the Uiiuida, but it also telb us in what ca^cs, and 
why, the current if reversed. 

Thus Sebonbein's theory always deterruines a priori, from the chem- 
ical nature of the substances which form the batt«rj-, the direction of 
the current, no matter whether the battery is formed of two metal* 
and a liijuid, or of two liquids and a metal; while, on the contrary, 
the contai^t theory in many eaaes is so much at fault, that it 19 unable 
to determine befori'haud the direction of the current froni a general 
principle, and in such cascg an experiment is required to find ita 
direction, 

From thcM considerations, one would suppose that there could be no 
doubt as to which of the two theories should prevail ; whether Sebon- 
bein's chemical theory, or the modified contact theory. Yet wa can- 
not decide unconditionally for Schonbcin'n theory, because it entirely 
ignores a well-established fact, the fandamtnlal expoiment of Tcilta, 
and is unable to give an explanation of it. 

That electricity is generated by different metals coming in contact 
with each other, is a fact well established by experiments purposely 
instituted in various forms, and which cannot be ignored nor set aside 
by Bach intorpretntions of the experiments as the opponents of the 
contact theory have contrived. 

The name ronlact dectriciltj is exceedingly unfit, and may have con- 
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Sutc^ nnt a little to the coofuuon of llie dtBcntiaioii in tjucstion ; 
irly speaking, all electriL-ity, wherever and however it may 
ct electrieily; fur, in goncrating elpL-lricity, two dif- 
ferent biods of bodies are neceBaarily, iindi>r all circunwlanccB, brought 
into contact; — in electrical machine^ glara and amnlgam; in the vul- 
laiu pile, two metals and a liquid; in the themio pile, difieivnt mct^ 
i» roda. ^Vherever heterogeneous subsUnces are brought idIo con- 
bst, a development of electricity takes place ; but geoerally a state of 
tricaleqtiilibriunimanciimes. For acoiitinuoU8e:icitatiunof elec- 
^ty this state of oi|uililiriiini must be continuously deMroyed ; tliis ta 
B in t'rietional eleetrieity by remoring the contaiit of the closely- 
Bching places of the heterogeneous aubttances, — in the bydro-bat- 
r, by the deciim position of the electrolyte*; In the thermo pile, the 
elation of electrical ccjuilibrium is produced by the disturbauee of 
innl equilibrium. 

Detebminatios op the Constakt "Voltaic Batterv. 

KlTniV nf FoKf. of Cairenl. — Everj' tonduclor of electricity, however 
1, opposes some reMslance U> its propagation, and inany researches 
t been made to determine the taws of the tranitfer through con- 
ducting media. The followbg facts have been established by titiii'ri- 

. L. Galvanic electricity tends to diffuse itnelf tlirou<jh the whole 
^ty of a conductor, and consequently the rcsutance to conduc- 
B will bo in proportion invcreely to the transverse eectloo of a 

S. All parts of a closed circuit, including the battery itself, arc trav- 
d at the sauie time by the same quantity of electricity, whatever 
the divermly of their nature. 

t follows from the second law, that the absolute intensity of the 
Mricily that panes in a closed circuit depends upon two circum- 
lees: — first, on the tbrce whiclt develop* the electricity, and which 
called the electnwuotive force ; and secondly, on the renatance to 
I presented by the whole circuit taken together. Ohm was 
t first tu pve a precise statement of these laws, and with mathemat- 
li preri^on to deduce from them consequences which have brn'ome of 
it importance in establishlDg the theory of the battery-, lis well a:j in 
B Application of electricity to the arts. 

If we designate by S the value of the current, or its power to pro- 
c effects, and by E the electro-motive force of a single element. 
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irbethcr this bo due to eonuct or chemical action, or both, aod hy R 
tlio resistance in the battery, thun the relations Waj be expreawd 
the equation S '— ^ . 

In the foregoing ctjuation, ire have rapposod thai the batteij 
Ntts of a single element, and that the nietala are joined bj* to 
and thick a conductor that it ofiers no appreciable reristance. V, 
bowever, the battery consist of n nnmberof ulomente, jcnncil as before, 
then the electro-motive power trill be n times greater, and ^so iIk 
i nlll be increased in the same ratio, and thercroFtv we ahifi 



by« 
•d b* 



Jf now we introduce an additional renstancc in tbe conductor 
which joins the poles, and represent this by r, then the expreania 
becomes S = — „ ' , 

This is the fundamental equation of Ohm, from vrhicb all iba rela- 
tions of galvanic combinaUona can be derived. 

To determine the resistance of a battery, the force of its current, of 
course, must be mcasared, if difierent resistances ore inserted sdcm*- 
sivcly in the circuit. The resUtaoce of the inserted piece of wire maC 
be firtit brought to the adopted unit. The umplest way of doui^ tin 
wonld be lo use only copper wire of one millimetre in diameter, and if 
difiVrent lengths; for a piece 10, IS, 20, &c. metres long, of tlita nor- 
mal wire, the resistance would be 10, 15, 20, &c. But, nncc it ia diffi- 
cult to obtwn wires having exactly thb diameter, it must be measured 
aeeurately, and the computation made how long a copper wire om 
inillimctre in diameter should be which makes the same reustanetk 
In computing the actual resbtance of the battery, this reduced l«i^lh 

This section of our nonnal wire has a surface of 0.785 square milli- 
metre. Since, with equal resistance, the length of the wire increases 
in proportion to its section, it is evident that a copper wire I metre* 
long, with a radius r, and section it r', excites the same resiataiice m 
a normal wire of the length L = — -^ , in which L is the reduced 

length of the wire A wire for instance, having a diameter 0,74 nul- 
limetre, a section of 043 square millimetre, and a length of 6 metres^ 
will exuTt the same nsislancc as a copper wire — g-^j- — = lO-SS me- 
tres long, and 1 millimetre m diameter ; thus 10.95 is the rcdoi 
length of the wire uaed m the experiment. 
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Pram this inaerted copper wire many pieces of ditTcrcnt lengtlii . 
be BttaJDcd. 6, 10, 20, ftu. metres long, for similar experiments, 
ready ut all timca. Instead uf longer copper wires, sbort piece 
wire of badly conducting metals, as platinimi, iron, or German rilver, 
are best; their resistance reduced lo the narmal wire must be deter- 
mined by experiment. Wires to about 10 metres long can be wound 
suitably into cculs, and fixed in wooden cyliudere from 2 to 3 inchei 
diameter, and corresponding lengths. Longer wires are covered wi 
silk, and wound on wooden rollers, and used thus. On these cylini 
or rotlers the length of the wire reduced to the normal wire can 
written, so that there will be no further necesaity for a reduction of i 
inserted wire. 

It is Tory evident that for insertions wire of different lengths can boi 
applied advantageously to a rheostat 

Denote by E the electro-motive Ibrce of the galvanic battery, by 
the essential resistance to condurtiun; then we have, according 
Ohm's law, the force of the cnrrent, t ^ ^ , with perfect metallic 
cloMng, — that is, with such closing that its resistance to conduction, 
compared with that of the elements, may t>o disregarded. lotroduo 
ing the reduced length of wire, t, the force will be only i ^^ o^t ' 
Wb have here * and *' given by observation; I is also knt 
from these two e([uations E con be eliminated, and the valuo of A 
computed. 

The following tables give a series of observations instituted for dft- 
terminiog the resistance to conduction of different batleries. In th«' 
last vertical column are the computed values of the elcctro-motivs 
force, which shall bo spoken of later. 

BUNSE>rS BATTEET. 



107.8 I 
14.7 t , 



^ ^ 
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GROVE'S BATTERY. 



Number. 


Iniertion In 
Metres. 


Defleetlon. 


Tangent of 
Dellectloa. 


Force of 
Currenr. 


B 


E 


1 
2 
3 


X 7.2 
X 29.2 

5« 


80.8 
23.5 

80.8 
13.7 

80.8 
9.7 


0.596 
0.485 

0.596 
0.245 

0.596 
0.171 


41.7 ) 
80.4 ) 

41.7 I 

17.1 ; 

41.7 ) 

12 ; 


19.4 
20.4 
19.8 


809 
851 
828 


Mean, 829 



DANI£LL*S BATTERY. 



Number. 


Insertion in 
Metres. 


Defleetkm. 


Tkngentof 
Deflection. 


Force of 
Corrant. 


R 


E 


1 
2 


1 ^ 
I 68.7 

I 7.2 


e 

82 
5.45 

16.8 
12.75 


0.625 
0.101 

0.302 
0.266 


48.75 ) 
7.07) 

21.14 > 
15.82) 


11.1 
21.5 


486 
454 


Mean, 470 



SMEE'S ELEMENT. 



Number, ^'^^g^ ^ 


I>^~«- SSSSln^ 


Force of « 
Current. "" 


E 


1 
2 


I 7.2 
I 29.02 


o 

26 
12.25 

26 
5.25 


0.488 
0.217 

0.488 
0.092 


34.16) 
15.19 i 

34.16 ) 
15.19) 


5.3 

7 


181 
239 


Mean, 210 



WOLLASTON'S ELEMENT. 



Number. 


Insertion in 
Metres. 


Deflection. 


Tai^ntof 
Deflection. 


Force of 
Current. 


R 


E 


1 
2 


S 
X 7.2 

X 29.2 


23,6 

ii:6 

23.6 
5 


0437 
0.205 

0.437 
0.087 


30.58 ) 
14.17) 

30.58 ) 
6.12) 


6.3 
7.3 


193 
223 


Mean, 208 
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^ The 



ryVe must append a few remarks od tlie Kparate experimenta 
plicav daUt nre given in the tables. 

itibcrs under ihe bead "InBertton" Indicate tho rtductd 
\gth ol' the iai«Ttcd wire, 
l Tho sulphuric Bcii) used in the firtt experiment with the Biineen 
Utery was diluted with about ten tiroes its quantity of water ; in the 
(econd and third, the aeid was diluted still more. The nitric acid had 
a specific gravity of 1.16. 
In Daniell's battery the red-clay relb were used ; in the first en.- 
meut. the ^c was plaecd in a mixture of one part sulphuric ai'id 
ten parts water ; in ihe last experiment, acid which had bcca 
ndj lued, and still more diluted, was applied. 
The resistance of the element depends upon the nature of the 
Kquid and the Mze of the pwr of plates ; hence, to bo able to compare 
the eondueting capacity of difTercat galvanic combinations properly, 
the resistance must be reduced to the same sized pair of plates, and 
thus the surface of jhe latter, with which the experiment is made, 
must bo known. 

To compare the electro-motive forces of different batteries, the fol- 
lowing procen is, therefore, to bo adopted. In tho conductiug circuit 
of the battery, besides tho galvanometer, the rheostat is inserted with 
m much wire as to produce a dctleclion of the needle of 45° ; the 
resittSQce is then increased by turning the rheontat until the deflec- 
tion of the needle is only 4<P ; the number of turns is thus a measure 
of the electro-motive force of the battery. 

Suppose, for example, the current of a Dnniell's element be passed 

through tho rheostat and tlio galvanometer, and so much wire has been 

inserted as to produce tho deflection of 4S°. To reduce the deflection 

from iHf to 40", suppose thirty turns of the rheostat must be added. 

Now insert a Grove's element into the same circuit, and so r^ulatA 

the entire resistance that the needle stands again at 4fl°. To bring it 

down to 40°, the resistance must be increased by (say) flUy turns of the 

ihcoMat ; then tho electro-motive force of Daniell's battery is to that of 

^(irove'a aa 30 to 50. This is evidently the simplest procen for detei^ 

^^uning the ratio of the electro-motive forces of diflerent batteries. 

^^L Wheatslone used a multiplier as a rhcometcr, and on that account 

^Bsd to insert a considerable resistance to make the corrent of the 

^Tiydro-olectric elements weak enough. Under these circumslanees, of 

eourtei only a rheostat with a thin wire can be used. 

Although this method was originally designed for a multiplier, it 
« also used with any other rlieooieler, as the loniion galva 
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etcp, tftngent OHnpui, &c. But with tliera iiutnimenti, wUch td 
of Rtronger ciurenU, tlie current employed, ot cootm, need not 
Teiy weak, and therefore & rfaeoetat with a thicker wire cui be met 
Thii method of Whe«t«tone gives lu the Tiluei of electro-mot 
force, measured by the length ot wires required to effect the rH 
gremoa of the needle ; hence theie numben are dependent oa ' 
individuality of the galvtmometer and the rheoatat. 

Aa examples of his method, Wheatahine adduces the follow 

measurements. Three small Darnell's batteries of unequal siie wen 

iucceraion brought into the circuit To revert the needle fVom 49* 

40°, the following number of turns of the rheostat was necessarj'; — 

Copper cjlinder t^ inches high, 2 inches in diameter, 80 tuma. 

« 8J " " ai " " " 30 " 

" » G " « »i » " » 80 " 

Thus the electro-motive force, according to tbe theory, is independi 

of the uze of the pair of plates. 

When batteries of I, 2, 3, 4, and 5 equal elements were used aael 
tro^Qotor* in succession, the following results were obtained : — 
1 element required 30 turns. 4 elements required 120 turns. 



HiUB the electro-motive force of the batt«ry is, as thcoiy indical 
proportional to the number of pairs of plates. 

Wc have dctcrrnincd by this method the electro-motive force o 
DanieU's, a Grove's, and a Bunsen's clement, using for this purpose 1 
tangent compass, and a rheostat with thick wire. For bringing 1 
needle back from 15° to 10°, we found as follows: — 
With Dantell's element, 9 turns. 
" Grove's " 13 « 
" Bunsen's " 13. G " 
After these detenniDations, it is easy to reduce the number 
turns ncccnary to revert the needle from 15° to 10° to the unit 
electro-motive force described above. We have 15. 1 turns, cqnivalf 
to 823 of electro-motive force ; hence, one turn ii equivalent to 54. 
of electro-motive force. Thus the values determined by rcvolutj 
of the rheostat expressed in our unit are as follows : — 
For Dan icH's battery, 400. 
" Grove's " 703. 
" Bunsen's " 741. 
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Comparinon of Differenl Voltaic Comi/nofion*. — In tho last pam- 
graph wc bavc seen bow tbo constantii of a loltaic ooinlnQatiini can be 
dclemiincil and expn:«8eil in comparable valaes. None of tho state* 
nipnt« of the cfiecta of batteries, as they are ortlinBrily prewnteil for 
comparison, are Batigfactory. Tho nant of accurate numerical i1et«r<- 
minatkins occaiions great unT^ertainty in regard to the adTantagcs and 
fliMidvMntages of difii-Tt'ot galvanic comlH nations. If such iincertninty 
e.tistji in the accounts of men of science, it is not at all surjirising to 

tnication» in technical journals which betray entire igno- 
rance of the principles here discuoed. 

low examine the most importiLnt of tho galvanic comlniia- 
tions KHueirhHt more closely. 



WoLLASTOs's Battebt, 



^P Tlir Simple Zinc and Copper Ballery. — The wmple zinc and copper 
battery ii not constant, because the electro-motive force is conBiderably 
modified by the polarization of the copper plate, nhich takes place in 
coiMequence of the current. Fo^fgendorff Ibund the clcctro-uiotivc 
force of the zinc and copfier battery in dilute mlphuric acid, l>efore 
being nodiAod by polaniation, to be equal to 13.8, while the electro- 
molivc force of Grove's battery iscjual to 22.9. 

Assuming the eleclro-moiive force of Grove's battery to be 830, 
referred to the chemical unit, the unmodified elcclro-motivc Ibrce of 
the zinc and copper battery would be 5U0 of the same unit. But 
according to our experiments, nhen the current commences, the electro- 
motive force of the zinc and oopper combination is only 20S ; thus, by 
polarization, tho fiiree is verj- soon reduced to two fitllu of iia original 
value, and this is aL» the reason that immediately after inimernon 
the eurrcDt is exceedingly strong, but very rapidly decreases. The 
polarization having once reached Its maximum, the current remains 
tolerably constant, — at least, so much so as to admit of accurate mew- 
urement. 

The reason why batteries with one liiiuid are not constant, is to be 
sought in the polarization of tho negative plat« ; and this is obviated aa 
much as ponible in the so-called constant battery. Yet the strength of 
the current of tbo coni>tant battery gradually decreases by leaving it 
closed for a long time, becauso the lk|uid gradually changes, — the 
dilute sulphuric acid becoming converted, by degrees, bto a solution of 
sulphate of nne. A corresponding change in tho nature of the liijuid 
takes jilacc in all batteries, without exception, and it is only to be 
avoided by rcnewiDg the liijuid from timu to time. An arrangetnctit 
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might be to made that the hcavf Boliition of aulphatc of zinc would 
flow off slowly trom the lower pari of the vessel, and the freah acid 
lloiT in above at the same rate. 

A (rircumstance ivhieh acts quite injuriously in all batteries without 
porous partitiooa is, tliat, in conavqueoce of the current, the sulphate of 
line solution ia ducoupoged, aud nictallie zinc deposited ou the uega^ 
live plate, wbeuce, during a protrai:tud action of the battery, its 
electro-motive force must decrease more and more. 

Tlie eoiiatancy of the battery current depends esaentially icpon iu 
strength. Feeble currenta, like those obtained by uaing very dilute 
acid, aud with great resistAnce included in the circuit, remaia constant 
for some time ; while by using stronger acid and less reliance the 
strength of the current must necessarily decrease ftir more rapidly. 
Hence, if it be desired to coisparo difTerunt batteries with reference to 
their constancy, equal rcsietauce and like acid must bo used. Neglect 
of these conditions may have been the occasion of numerous errors in 
regard to the constancy of single batteries. 

Batteries composed of zinc and copper plates buried !n the mtast 
ground are said to bo very constant. Suth batteries, however, yield 
ver}' weak currents, because the resistance to conduction between the 
plates is very great. Thus it is evident that the current of this battety 
vill remain constant longer than when the plates were immersed in 

SMEE'a Battery. 

This battery was greatly prmsed in many quarters : it waa rcpra- 
tented to produce very stroug currents, and to be far more constant 
than other batteries with one liquid. No measurements in support of 
thu opinion were made, and I have not ibund it anywhere confirmed. 

The copper of WoUaston'a battery is substituted in Smee'a by- 
platinum, or silver covered by a rough surface of plaUnum. This coat- 
ing of platinum is proiiuced by immersing the perfectly clean plat« in 
a solution of chloride of platinum and potassium in contact with the 
nei^live pole of a rather weak battery, the positive pole of which dips 
at the same time into the solution. The platinum dejiosits on the plate 
at the negative pole. If the positive pole be also a plate of platinum, 
it will be attacked by the chlorine, and the solution will be kept satu- 

Tho two surfaces of Smee's platinized plate are placed at about one 
line distance from the zinc plates. The width of the zinc plates is to 
be only about three quarters that of the platinized plate. What 
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ixpected to be gBiDcd by tbla, we cannot «ee. It is not tLe case 
nee element witb which we experimented, the neg&dve plat« 
if which was platinized eilver. 

This battety is larlets cunstant than Wollaston's, and the variations 
rfthe needle were far greotvr. 
Asautning at a mean lur the insertion 0, the deflei^tiDn 26°, for tbe 
c 12''.25, and tor the brass wire 5°.5, the eleetro-motive force 
)f Smee's elemcDt Is 2ia, which is scarcely greater than that of WoUa»- 
ao'r, which we have seen is 208. With equal surfaees, the resistances 
fU' the two ulctneuU are tolerably equal. From these experiments, it 
* not appear that Smee's battery deserves any preference over 
(Follaston's. It is yet to be determined whether platinized platiDom 
givee better results than platinized silver. 

The Zinc and Copper Battery iritlt 7'iro Liquids, — When the copper 
of a zinc and copper battery is placed in a concentrated solution of 
nilphate of copper, and this in dilute sulphurie acid, tbe two liquids 
being separated by a porous partitioa, the injurious effects of poluiza- 
tion are in a great measure removed, the electro-motive fon^e becomes 
greater than in the ordinary zinc and copper battery, and the strength 
cf the current is constant. 

The olectro-motive force of Daniell's battery 'a, E ^ 470. From 
STonberg'a experiments it appears that it changes but little with ' 
tbe nature of the liquid. The copper licing constantly immersed 
in a concentrated solution of snlphate of copper, and the KJnc im- 
mersed in various liquids successively, tbe following values, expressed 
in an arbitrary unit, were obtfunod for the electro-motive force : — 



jncentrated solution of sulphate of zinc, 

For the same, much diluted 

For concentrated solution of sulphate of copper. 
For llie same, much diluted, .... 
For slightly acidified water, 

rongly acidified water, . . 



u 

^B Daniell's battery in, perhaps, the most constant of all, wbich !s dne 

^^Biully to the acid being used up leas rapidly ; auce the acid, set tree 

^mby the dccompoation of the sulphate of copper, passes, in part at least, 

llirough the porous cell to the liquid in which the nine is immerEcd. 

The best kind of battery to be employed depends entirely iqion the 
nature of the work to lie performed by it« power. If it has only to 
niove A magnetic needle earrounded by a coil of wire, the simplest 
Migemcnt of battery is required, such oa one composed of celb con- 
38 • cc 
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tuning platea <£ copper and luia immenedin ■ ndntjon ofnlphnric 
acid or of the nilpluite of alnniiii&, If, on the other hAnd, the ciu> 
rent Ii required to perform powerful mechanical effects at & dittani 
ftation, golTsnic batleriee of a ttronger power are ueceaur^, — such 
for inBtance, aa DauieU'a or Grove's batteries 

Gkovx'i Batteht. 

According to our meanirementi, given in thii chapter, — which, how 
ever, tor Grove's battery, have no clum to great accnrKT', — Ute eleo 
trtMnotiTe force of this battery is, in chemical meosuree, BS9. 

Other observers have determined its ferce, not in an absolatt 
measure, but compared with that of Darnell's battery. Making thi 
electro-motive Ibrce of llie Utter equal to If we hare Sx Grovel 
as fdbwt:— 

By Jacob:, . . .... 1.666 

By Buff, J.7ia 

By Pof^DdorfT, • 1.668 

" « 1.566 

Mean 1.653 

Assoming the force of Daniell's battery in chemical measure, aC' 
cording to my detemunation, eqnal to 470, we should have, in Ih( 
same mearore, that of Grove's, equal to 

470 X 1.653 — 777; 
while I found the value of the electro-motive force of thia battery to be 
B29, or about 6) per cent greater. 

"Dm observers above named made no comparison of the resLstance ol 
Grove's battery with that of Daniell's. Suth a compariBon, however 
can hold good only for an individual battery, since it changes wiUi the 
nature of die earthen cells, and ia dependent upon the degree of cod- 
centration of the liquid. 

In u«ng Grove's battery for telegraphic purposes, it often happeni 
lliat the nitric acid penetrates through the earthea eeUs, and attack! 
tfae xino BO powerfully that it has to bo newly amalgamated every day 
Crystals of Glauber taltB east into the dilute sulphuric acid are said U 
remedy this evil. Hie explanation of this may probably be, that the 
Glauber salts are decomposed, and nitrata of soda is formed, the fre< 
nitric acid then disappearing. 
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ean of all our cxperimenU, the electro-motive force of the 
; and carbon battery wu found lo bavc, iu chemical measure, ths 
ju Sii. 

The foree of Danicll's batlcrj boin^ made equal to 1, that of tho 
line and rarbon battery waa foiuid by Buff to be 1,712; by Poggen- 
dorff, 1.5-18. 

The eleL-tro-motivG force of the zinc and carbon luittery, anil that of 
Grove's, are so nearly equal, that iu pntctival lue ihu Utile difiereoce 
may be disregarded. 

According to Poggendorff, the electro-motive fiircc of fiunseo'i bat- 
tery remaioi almost the same, if lor the nitric acid is substi luted a solu~ 
tion of bichromate of potash; indued, vrilh the liquid it ia somewhat 
greater, the proportion being 1,580 Ut 1,6-18. 

Zisc ASH Iron Battkry. 

Jt has been proposed by many to um iron instead of platinum or 
«(^per in tho construation of galvanic batteries. Boberla made ft 
xinc and iron batUry in the following manner. A ciut-iron rcssel lO 
inchea high and 3.9 inches in diameter served for holding a mixture 
of one part conrentrateil Bolphuric acid and three parts of strong 
nitric acid; in this liquid aa earthen cell filled with dilute sulphuric 
acid waj placed, which cell also served fbr the reception of the line 
cylinder 9.9 iuchca high and 3.3 inohei wide. Five such elementa 
yielded forty cubic inches of detonating gas in a volta-metre placed in 
the circuit. This is certainly t)uito a considerable effect. 

Callan constructed a zinc and iron battery of a form similar to that 
which Grove had originally given to his zinc and platinum Imtlery, 
na. rectangular, «mooth earthen cells, 4\ inches long and 4} high. A 
turkey-cock was instantly killed by the slttike of such a balt^ry, com- 
posed of €20 elements ; and on examination thu craw was found burst 
PoggendoriT found for the electro-motive force of different combina- 
IS the fallowing valuce: — 

Zinc and platinum, • - ■ 100 

Zinc and iron, T8,6 

Zinc and steel 87.0 

Zinc and cast-iron, , . , , 89.6 

c being in dilute sulphuric ai'id, and the platinum, iron, &c. 
WMncentraled nitric acid, Tho resistances Are lolcrubly equal in all 
K combinations. 
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That, inflead of the platinum in Grove's battery, iro: 
ceiafully substituted, is owing, no doubt, to the fact tbU iron immersed 
in concentrated nitric aoid becomes passive, anil in tUs stale »ctt like 
a strong electro-negative metal. From this Wbhlcr and Weber in- 
ferred that iron placed iu concentraled nitric acid migUt act tjnratils 
iron in dilute sulphuric acid as platinum dmis towards zinc. Their ex- 
pectation was entirely confirmed on trial, and they conatructed a very 
powerliil batter}- in this manner. 

They found it advantageous to use ordinary tin-plate ii 
mcl^l immoraed in the dilute sulphuric acid. 

The most convenient form of Ihe irou battery is perhaps that of 
cast-iron vessel which rtM;eiveB the nitric acid and the earthen cell, 
in which the dilute sulphiuic acid is placed with the active 

CnlUn describes a new volc^c combination, of which Poggendorff 
gave an account. For the platinum of Grove's battery is here substi- 
tnted platinized lead, whii^h is immersed in a mixture of four parts of 
concentrated sulphuric acid, two parts of nitric acid, and two parts of a 
Htnrated solution of nitrate of potash. The zinc is in dilute sulphi 
acid, separated of course from the other liquids by an earthen celL 

PoggeudorlT found the electro-motive force of this combination 
equal to that of Grove's ; and that the current from it for many hi 
indicated the same constancy as that of a zinc and platinum batieiyi 
But, on the other hand, he found that the addition of saltpetre to the 
nitric acid is no improvement, but the addition of concentrated sulphuric 
add has the advantage of protecting the lead from the action of nitric 
acid, which the pulverulent coating of platina cannot do, and allows, 
beudes, the use of dilute nitric acid. 

Conudered strictly, this combination is a zinc and platinum batteiy, 
since the lead serves properly only aa a support for the thin film of 
platinum; therefore zinc and platinum are the terminations of thsi 
metallic circuit inunencd in the liquid. 



•fs^H 
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Thk most cosvknibst Combination OF A givek Nomber 
Voltaic Elements for OBTAiNoia tbb Greatkst EffboX' 
WITH A oivEN Closdjq Cibcuit. 

Theoretically, thia subject has long since been settled, but the ii 
tigationa are moatly ronducted by the aid of the higher calculus, and 
the whole is presented in such a form that the practical use of the prapr 
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n IS indicated, rather llian fullj exhibited ; on this accoool, a 
lewbat more detwJcd expoailion may here be in place. 

Generally, the question it stated thus : How should a giren metitUic 
fnrfoce, which ia to be used in constructing Tollaic elements, be ar- 
ranged, (that ia, how many dements, and how lai^ should they be,) 
in order that a maximum effect shall be obtained with a given g1o»- 
iag circuit? 

This form of the question does not correspond exBCllj with practical 
rases. We are not required, generally, to construct the Toltaic bat- 
tery for a ^vcn closing circuit; but the question is, how to combine & 
disposable number of galvanic clementa to obtain a maximum effect. 

A raaxiinum strength of curnnt rang be obtained fiom a given numJer 
• of dementi, if Ikey be to arranged that the reaislance in the baUery ia 
tqaal to the reiiiitaitce in the doling arc. 

We will first explain this proposition, then prove it A given num- 
ber of elements can be combined in the most varied manner. For in- 
stance, 31 elements can lie arranged in 6 different ways : — 



I 



1. As a battery of : 



!S single elements. 
1 2 double elements. 
8 treble elemcots. 
6 four-'ibid elemenla. 
4 nx-fold elements. 
3 eight-fold elements. 
3 twelve-fold elements. 
1 twenty-four-fbld element. 



tlDuch one of these combinations should be selected in a ^ven caMt 
depends upon the resistance to conduction of the circuit. That com- 
bbaUon must be taken, the renstance of which is nearest to that of 
the given circuit. Denoting by 1 the rcMstance of an element, the 
:eof the 



Cboadering the dilferent combinations of 31 elements, as rcpro- 
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tented in the above Utile, it ia eatWy seen that, if the pUo be shorteiied, 
it becomra broad iD the tame pnif«irtion; that is, ii' fewer elMnent) 
l>e plaecd Olio aflvr the other, we ean, by u^ng the same namber 
of elements, place more of them bende each other :n the iame pnv 
portion. 

Conunenping with the second combination, we have here IS double 
elements. If we reduce the length of the pile by one half, or to G, w« 
can double the width of each element Wc shall then hare 6 four- 
fold elements. 

Making the pile three times shorter, three times as many single ele- 
mcuts can be united in one; from 12 double elemi:tila wt' obtain i at 
nx-fold. In short, if the pile be made a times shorter, wc can unite a 
times as many single elements in one. 

If the number of elemenla combined, one after another, lo fonaa 
pile, is a times less, the electro-ntotive force thus becomes a limes len; 
if th« batter)' had now been made only a times shorter, without uicreao- 
ing its width, the resistance would have been a timee leas ; but if each 
element of those in a pile connsts of a times as many single elementi 
as before, the resistance becomes □" times less than before. 

Tims the re^slAnce of six quadruple elements (combination No. -<) ti 
four times less than for twelve double elements (combination No. !) ; 
for four trix-fold elements (combination No. 5), nine times less than Kr 
twelve double, &e. 

From this exposition, the proof in question is easily derived. For 
any combination of a number of elements, let the electro-motiTo force 
be £, and the battery resistance I. This battery being dosed by ^ 
conducting circuit, whose resistance is al«o I, we Uaye, i 
Ohm's law, the strength of the current : — 



ng doBcd by a 



(1) ^=T+l = w- 

Tlie pile being now made a times ahorter, but the single elemenb a 
times wider, the electro-motive force will bo a times lcs8, or — ; but the 
reaistanco of the battery will be — , and the force of the current, for 
the tame connccUug arc, will be 



(') 



r. + ' i' + l) 



But the sum a -^ ~ is, under all 



greater than 3*, wH 
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integTBl or fractional quantity wc may rabstitutc for □,- thus tTie 
"Value of Uie fraction (3) is. audvr all circumstaiio«^ liss tlum that at 
(1). Since (I) denoUss the value of the strength of the current fnr 
caaeH in wUch the refiiUincc in the electrometer i» eriital to the ri-siat- 
anoc of tin' eloaing are, and (3) the vittue of the strcngtb of the cup- 

^Uvnt for cases ■□ which the nuniber of single elements is combined in 

HlDy other manner, the proposilion in question is therefore [iroved. 

P The application of this pruponlion may be shown by an example. 
TT, in magnctiiing an electnuw^net, the current of 34 »inc and car- 
bon elements be used, the ronstance of one element, with weak acid, 
is 15.05. But reiiistance of the coils of the electro-magnet has been 
found equal to Ihal of 13.Tit metra of normal wire, and thereibro the 
resistance of the connecting arc is 0.9 9f that of a single element. A 
glance at the tnble upon page US shows us that we must select tha 
fifth combinatbn as the uinxt suitable: because its rc9i.4tHncc 0.69, b 
nearer to that of the closing arc than that of the other combinations. 
Hoke, fur sake of brevity, the electro-motive force of the element 
equal to 1, and the resistance also 1 ; then, if wo apply succesavely all 

_. of the eight combinations to the electro-magnet above mentiODed, the 
'tillowing values will be obt^ned for the strength of the current: — 
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It ia observed hen, that with the combination 5, the coJIa of the elec- 
tro-magnet remaining unchangt^d, Iha magaetlBm of the flofl iron vill 
bo greater than with any of the other combinntbns. Combination 4 
approaches 5 very cloaelf in its effects ; thug tlie cutset maximum 
should be looked for between 4 and 5. 

K a given number of clemenia be so combined that they will yield 
in a given circuit a maximum strength of current, an increase of the 
Dumber of elements will increase the strength of the current, in the 
most favorable cases, only in proportion to the square root of the niun- 
bcr of elements ; then 4, 9, or 16 times as many elements must be 
used to obtain 2, 3, or 4-fold effects. 

We shall endeavor to prove this, in a special case. Let the resist- 
ance of the closing arc be r, equal to the resistance of one clement, tha 
electro-motive force of which is denoted by E, then the strength of the 



Now let U9 double the force of the current by increasing the number 
of elements. To obtain a maximum effect from the new combinadoD, 
the resistance in the battery must continue as great as the reliance 
of the closing arc ; therelore, the rcustance of the new comtunation 
must nut be greater than that of a idngle element ; hence, we shall 
obtain double the force of the current, if, with unchanged resistance, 
we double the electro-motive force. This is done by placing one cle- 
ment a&BT another; but we must take tno double elements, if their 
resistance is to be as great as that of a single element. 

The tnn»t auilahlt arrangement of the closing arc /or obtaining a maxi- 
mum rffict imlh a giren flrclro-motor, — In some cases the electro-motor 
ia given, and the question is. how the coils of wire must be selected to 
obtain a maximum efTect ; from the same quantity of copper, are many 
eoils (rf'a thin and long wire to be made, or fewer coils with short and 
thick wires? In the case of multipliers, the quantity of copper wire 
to be nscd is limited by the space which can be conveniently filled t^ 
the coils; in that of the electro-mapnets, the quantity of copper wire 
is tiroitcd by the amount of money to be expended in its constructum- 

Suppose the resistance of a copper wire of a given length and t] 
ncss, making n coils, to be equal to I, or the resistance of the el 
motor; then the force of the ci 



GALVASISM. 



and th'i9 acting In n coUa on the 
represent its cfi'ecls by 



If we make the wtro m timea as long, the j 
ita section will be m dmiea less, and then 
greater ; bvnce thu Ibrce of the coireat is no' 



s remaining the same, 
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length of n 
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mauy coila 
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the magnetic 


: effect ia no 
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r But the Talue of M, aajust proved, is always greater than the value 
rf W. Ileaee, vilh a given man of wire, a maximiim of magnetic fffeet 
u oblaiiitil bff gieing la the wire such a Aictness and length thai the reiitt- 
ance in the coili it tqiuU to thai of the elemenli. 

Comparison of the Effect* of different Bcateriei in given Casei. — TTie 
nlrength of the ■.■uirent for any given case ean be computed from the 
eonstantu of different batteries. If the resistance of the closing arc if 
I, for a zinc and carbon battery with a mean surface of one square 
decimetre, and using btohrer cells with dilute sulphuric acid, the 
etrcDgth of current is 



r a Daniell'g element, of the «amc size, with sulphuric acid of the 
degree of dilution, the tbrce of the current would be 



^^ If ( is very small, compared with the resistiince of the elements, the 
•trcngih of their currents will bo to each other aa ^ to ^^, or as 
6S.6 to 21. S; hence the cnrrent of the zinc and carbon battery ia more 
than three times as strong as the other. When the current is well 
closed, a zinc and carbon elemi^nt will effort as much as a Danicll's 
element of throe times as great a mean surface- 
When the resistance is very great, the ratio is difterent ; then the 



rength of the c 



39 



t is proportional to the electro-motirc ti 
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M 4 tQ to 824. Ill Uu* caw, bj inrrehiiiit; tlii' Burfsc« of the xinc fl^* 
cojip(^T cloineni, bni UtUn wnul<l W gaiui'i). Two Dsnicil's clcmenU 
wuuld have la be unitcil, to abuia tlit »aiue dTt-cl aa trilii auu ziuc 
and I'arbon elcmi'nL 

The efiWt of a tine anil carbon botUiy can be aiuincil in all dhmu 
villi n Ihuiicll'i battery, bjr giitog t« unglc ck'inunts of the latter « 
thn-i-ibld surface, aiiil uaing twice u niojij' id' iJuMii w would be n- 
ijuiriHJ of zine an<I carbou clement*. 

What had been uuH of the xinc and rarlnn battiry hulda guoil for 
Gruve't battery, aincc the cfmitanls arc ntarly th« Nuiie in both, 

W« pre«Dt tbo ilesLTipttuu oT a few inatrumcnls, which liave beea 
uard fur roeamiring, in tlie course of thu previous cxperiiuenU. 

Rhtoitati. — To accompliBh a gradual change of tlii! rcsixtaiice in tlie 
ctoiing ciriruit of an clcctio-motor within ibi.' desrcd limit, without 
being obliged lo open the circuit, several in»lrtimenl> have been pr»- 
poaed, cbiclly by Jscobi and Wbeauiooe. Jaeobi eall«l hi* instrument 
an ogomeltr. An inMniroonl uf this kind a very easily, and thercfora 
will not Iw generslly timploycd, efpecially nnce Whealsione'i iiutru- 
menlfi, cwuirurtn) Ibr tliv taine object, bceidcs aniwerii^ the purpoM 
equally well, aiv lar timpler and mere convenient ui manipulation. 
Wheatstouv'i rheoetat with thick wire i« to be used when the reiiaUnca 
i/ the ek»ing eunductur i> not veiy great. But when the cotira r«- 
aittance in the baltury It very considerable, a gruat length of thii thidt 
wire would have to bo wound or unwound to [irodiire a senMble cbaBOi 
in the atrcnglh of the current; eonse^iuently, in aucb cace* a rheoMlt 
with a thin wirv muK Iw lucd, and which, cf couna, must have ■ Ht 
ferent eonstructiun. 

Wheamlone'a rheostat with a thin wire has a eylimler of dry wood 
about NX iiirhti long and ono and a half in diameter, and a cylindv 
of lirau lia\ing tb« MUie dintemuonn. The axe* of the two cylinden 
are paralh-l. A acrow-threail i* cut in the wnnd«n cylinder, and at hi 
end there t* a bnia ring, to which the end of a krag and very flnn win 
i> fastened. This is » wound upon the wooden cylinder a* to fill all 
the H.-rTW-lhrv«I», and ita other ex Inmily is then fastened to the offO- 
Hto CBil c^ the braa cylinder. By means of a crank, which u turned 
la iIm right, the win h unwound Ihmi iho woorlrn cylinder, and woaad 
ttpoo th« brui one; on llic other hand, by turning to the left, tlM t«> 
Tnw tahM plars. Since the coiU am iiuulaled on the wnodeo cylin- 
der, and kept apart by thu sorew-threiad. the current tnvonea iht 
wire tbroughont its whole length on this i-yUnih-'r ; but on tin faiWI 
cylinder, where the euU* are not insulaiul, the cnirent paias at onca 



OALVASISM. 



459 



ftom Uie point where the wire touches the cylinder to the spring. The 
renMing part of the leogtli of the wire is therefore the variable por- 
tjoD which mny hBp|>en to be an the wooden cylinder. There btq 
forty screw-threads of the wooden rylJnder to an inch. The wire is 
of hriui9, and 0.01 of an inch in dinmeter. 

For counting the nutcbor of coils nnwonnd, a ac&Ie is placed he- 
tween the two cylinders, and the fraction of a turn h estimated by an 
in<]cx foslencil on the axis of one of the cylinders, and which pmnts to 
the diviaioDB of a graduated circle. 

DifftrenlM Measurer of ResiMance. — For delennining the rcMSt- 
ance of met«I!ie wires, Whcatstone has given a very simple process. 
The rheostat is inserted in the conducting arc of a constant element 
with the ^kanomeCcr and the wire whose resAsnce b to be deter- 
mined, and the wbotc rcsinsncc is so r^nlated that the needle can 
come to rest at any desired pobt, a, of the graduated circle. Now, 
remoring the wire from the circuit, tiie needle will indicate a greater 
deflection ; and to bring it back to the point a. a definite number of 
turns of the rheostat must be added to the existing resistance. We 
find, in this manner, bow great the rcdstance of the wire in question 
is, expressed in turns of the rbeoalat. 

By this method, nearly equally accurate results arc obt^ned, whether 
a multiplier, the much less sensitiTe tangent compass, or any other 
galvanometer be used. The reason is as follows: — To produce in a 
tangent compass a deflection of, say 4fi°, the entire resixtanco of the 
closing conductor must not be very great. Suppose R tg the entire 
resistance of the whole battery, and an increase or decrease, r, of this 
resistance produces fueh a change in the strength of the current that 
the deflection of the needle is varied by 1°. Now, by using a multiplier, 
which is about 150 times more sensitive than the tangent compost, the 
entire resistance of the battery must be about 150 it to cause adeSee- 
lion of thL> needle of 45". To prodnce a like change in the strength of 
the current as that above mentioned, the resistance must now be in- 
creased or decreased by 150 r. But, since the multiplier is 150 times 
e than the tangent compass, the 150th part of this change 
', will suflico to advance or bring back the posilion of 
the needle by 1° ; thus the saine change of resistance, r, produces in 
both instruments nearly equal changes of deflection. 
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EXPLANATIOX OF VAKIOUS TECHNICAL TEBM3, 

The terms quanlily, inUnnty, ehclro-modve force, and electric U 
as applied in the seiencc of electricity, are not earily comprelieiided by 
the student, and, in fact, arc ni>t always used by writers upon the sub- 
ject with absolute conastency. De la Kive, for iustance, uses the term 
inlensitg as sjaonymoua with itrength of current, as indeed do MUller, 
Lardner, and many others ; wbile Faraday uses tha term as equiraleot 
to eleclro-moliee force, — or, in other words, as proportionals to the 
nwnber of cell> in a&allery, irrespective of the size of the plates. Wa 
will quote the definitions of various writers entitled to credit upon this 
subject. 

Faraday says: " The action in each cell is not to increase the ^uan- 
tilg act in PKitioD in any one cell, but to aid in urging forwani that 
quantity, the passing of which is coomstcnt nith the oxidation of its 
own xiuc ; and in this way it exatla that peculiar property of the cur- 
rent which we endeavor to express by the term inlennli/, without 
increasing the quatdiiy beyond that which is proportionate to the quan- 
ti^ of zinc oxidized in any single cell of the scries. .... The deflecting 
power of ono pwr of plates in a battery being equal to the deflecting 
power of the whole, provi<led the wires used bo sufficiently large to 
carry the current of the dngle pair freely." 

Francis Watkins says: "The amount of the anglcofdcTintionof the 
magnetic needle caused by the action of an electric current, is pro- 
portionate to the quantily, and not to the intensity, possessed by the 
current." 

Professor Danicll says : " Inlensiiy does not at all depend upon the 
size of the plates, but is proportiooate to the number of alt^mationsL 
A battery constructed of pieces of copper tube three eighths of an inch 
in diameter and two and a half inches long, with a piece of zinc wira 
one eighth of an inch in diameter soldered to each, and turned down 
into the axis of the next, without metallic contact, and consisting of a 
series of 1024, will be quite equal to a battery of tho same number of 
plates four inches square." 

From Bird's Natural Philosophy : " It is necessary to make a distinc- 
tion between the quanlily and intensify of the electric current; the 
former having, cal'!rii paribia, a relation to the size of the plates, and 
the latter to tho number of alternations." 

From Noad's Manual of Electricity : " In order to increase the 
intensity of the electrical current, with a view to tho exhibition of its 
chemical and physiological effects, we increase the number of the 
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an nrrangctiK^nt of this nurt 19 called iLe (.'OmpounU voItAic 

It was ihc inTcntion of Volta, and is hence calltd tliu rotuic 

ow the qiianlUff of electricity oblaiaed from tbe voltaic pilD ij 

greatvr than that froni a angle pair of plates ; it i* its inlentili/ atoae 

increased; — an important fact, which has received much eluci- 

from the important laliors of Faraday." 

'rom Harris's Hudimcntary Electricity : " The term (rnaian, in its 

ineral acceptation, applies to the case of reactive or resisting force, 

however derived, — whether to the reactive force of an elastic fiuid, 

such as air heaving out under compression, or to the reai-tive force td' 

a stnuned or twisted wire, as in the instance of a stretched muaioal 

ing, or a wire employed in a balance of torsion. In either instance, 

ire is a force set up in these bodies, by which they t«nd to recover 

rir normal state ; and the amount of this force is virtually the ten- 

a or degree of suffering to which they arc exposed. If we conceive, 

vrefbre, for an instant, according to the French ihcorr. thateleclri- 

1^ is a certain force exerted by an elastic fluid, capable of compressoo, 

in, like any other elastic fluid, lucb as steam or tur, it would exUbit 

certain amount of teinion or reactive power ; and this would bo as 

density, or the nuni1>er of particles confined in a given space : such 

lid be tbe signification of the t«rm electrical lention taken in tbii 

" But the term may be also, and equally well, applied to tbe condi- 
n of polarized molecules of a dielectric interposed between two 
nting conductors. In this case it expresses the reactive force of 
I particles constrainetl to assume a new condition in their electric 
ations, and tbe amount of suffering they endure iu their (breed 
rialjon from their normal state. The higher the compreMive and 
■•rated powen are exalted, the greater will be the degree of tendon 
lich they endure. In a similar way, the lateral or transverse force of 
■tton upon the representative line of induction is a kind of lateral 
uion or stretching of these forces, lending to throw the partidei 
mder, all of which may be conceived to increase up to the limit of 
t power of endurance ; all this is fairly expressed by the general 
n trtuion, and which term thus becomes representative, either of 
1 particular condition of the electrical agency itself, or of the reactive 
to of the molecules of a dielectric when charged by induction. 
"Now the t«rm inlemily, although of the same claai. is still of a 
iwfaat different character from tension; it rather applies to degree 
mount of retiniawe ; it would be no superfluity of language to 
k, for example, of the inUmilji of the tension, as indicative of its 
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{rrcnlpr or 1c» (unounl in degree ; joA u we Bay, the infeiuiVy ot' the 
beat of tfai) tuD, the iutensty of light, &c lo JU applkution, bow- 
ever, to onlinBry olectric&l phenomeaa, it haa a proper and marked 
podtioii assignod to it, being peculiarly expresuve of the at'tivitr 
shown hy an elcctroecc^ or electrometer, as indicating the altraetire 
tiiri'e of a (.'liargo upon external bodies. Thtu the charge communi- 
rated to ajar or battory may be taken la terms of the quadrant elcc- 
Inimeter, oi" any other indicator, in which Benso we spvak of the jar 
bving ehai^ml to a given inteiuni;/; but what renders tbts terra par- 
tH-oUuiy necessary and distinctive, is the fact that this activity or 
intensity is as the iipiart of the quantity of electricity accumulated; 
whereas the lensum or tbrce in the dieU'c^tric particles actually coiuti- 
tuting the charge itself between the limiting conducting sor&ce, is as 
the quantity only, as is also the tension uf the electrical agency itself 
when restrained lo a given space. In the case of charged glass, or 
otJior dk'lectrie, the eleetruraeter indicates the actiTity of the unrooi' 
ponsateil electricity, or the free action, m it were, of the charged snr- 
facv. This is one thing, but the tension or degree of power id tlie 
muleculea of the intervening dielectric, lending to break down tiw 
induction by a speotea of mechanical TttJenee, as in the case of a frao- 
ture of a charged jar, is another ; and benco the two terms tension And 
inleimly are, under these Umitatione, fairly and (tistini?tly separable. 

From Smec's Electric 2kletallurgy : "A galvanic battery exbibitB 
two important properties, {(uantity and intensity- Qaontity depend 
directly upon the site of the ucgativemetal, or strength of the Mlatkn, 
while intensity depends upon much more hidden causes. Quantity n- 
quires but one cell. To obtain intcnuty, we must have recourse to a 
number of galvanic batteries, arranged as a scries ; that is, the tine cf 
one battery connected with the copper of the next, and this in regular 
continua^n. leaving the extreme zinc and silver free. In this way a 
hundred batteries may be conjoined, bat no more quantity ohlaiaed: 
fbr only the same amount of electricity pa!«es as when one cell ii 
nsod. Now, however, this same amount can pan tbroiigfa a murh 
greater resistance ; for it would seem as if, at everj- alternation of the 
battery, the electric fluid obtained a push lo overcome any obstacle 
afibrded to its passage, and this push is called its intensity. 

" To the beginner these two properties aro very difficult to under 
stand ; bat perhaps a rongh idea may be formed of them by compai^ 
ing quantity to the piston imparting motion to a railway train, which 
mores readily with one engine on a level rood ; let the train meet an 
an inclined plane or a lull, two, three, or one hundml 
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engines maj be required hi move this same traio over, and jet the 
piston which turns the wheels of the oarriage would move no more 
times than il' one engine had been employed. 

" There is no advantage, but even a loss, in uwng a battery with an 
intensity more than suilicient to overcome a resistance, whether pro- 
duced by a fluid to be decomposed, or by any other means ; for if ten 
cells arranged as a cotnpouod battery be sufficient to overcome the 
obstacle, the cffcel of sixty cells, arranged as six tens, would be sis 
titues as much as If a single ten were u*ed, because they would then 
form a battery of sii timea the ai»c, but of the aame intensity, as before; 
but if the whole were used as one compound series, the resulting de- 
couipositbn would be coiuiderably less than six time» the quaatjiy, and 
to use a battery with advantage this fact mnit be borne in mind. If, 
again, the surfaces be increased before sufficient inlen^ty be obtained, 
in like manner it will not add a proportjonate amount of power, 

"A compound galvanic battery, or one of many cells, has the same 
quantity of electricity passing in each cell, and therefore the same 
quantity of zinc dissolved. On this account, the fewer the cells that can 
1)0 employed to overcome the obstacle, the greater will be the economy. 
tt is obvious, therefore, thnt, as soon as, by increanng the series, suffi- 
cient intensity has been obtained to overcome partially the resistance, 
[|uantily should be sought by increasing the sur&ce ; for when one cell, 
u a «inglo series, require* one pound of line to do a given amount of 
work, when that same work is done more quickly by twelve cells, 
twelve pounds are dissolved, — one pound in each cell ; and of what- 
ever size tho cells may be, stiU the result will bo the same, for no more 
ziue will be dissolved." 

De la Rive »«j-b : " The absolute mlensily of the electricity that 
travels in the form of a current through a closed circuit, depends 
upon two circumalance* alone, — the force or forces that produce the 
electricity, and which we may call electromotive forces, and the re- 
sistances to eonductJbility presented by all the circuits taken together. 
In an important work which appeared in 1827, M. Ohm, as a result 
of purely theoretical speculation, came to the conclnuon that ihe/onx 
of the current in a closed circuit is directly proportional to the sum of 
tlio electro-motive forces that are in activity in the circuit, and in- 
versely proportional to the total resistance, or the eum of the resist- 
ances of all the parts of the circuit ; in other words, that the inUnn'fy 
of the current is equal to the turn oi the electro-motive forces divided 
by the lum of the r 
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